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Circuit diagrams utilizing SAMSUNG products are included as a means of illustrating typical semi- 
conductor applications; consequently, complete information sufficient for construction purposes is 
not necessarily given. The information has been carefully checked and is believed to be entirely 


reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described herein any license under 
the patent rights of SAMSUNG or others. SAMSUNG reserves the right to change device specifica- 
tions. 








Certificate No __FM 24651 


KM41C16000A/AL/ALL/ASL 


CMOS DRAM 





16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 








KM41C16000A/AL/ALL/ASL-5 
KM41C16000A/AL/ALL/ASL-6 | 60ns 15ns | 110ns 
KM41C16000A/AL/ALL/ASL-7 | 70Ons 20ns | 130ns 
KM41C16000A/AL/ALL/ASL-8 


























+ Fast Page Mode operation 

- CAS-before-RAS refresh capability 

- RAS-only and Hidden Refresh capability 
¢ Fast parallel test mode Capability 

« TTL compatible inputs and outputs 

* Common I/O using Early Write 

¢ Double+5.0V+ 10% power supply 

* 4096 cycles/64ms refresh 

+ 4096 cycles/128ms (Low Power & Self Ref.) 
« 4096 cycles/256ms (Super Low Power) 

+ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPi(II) 


FUNCTIONAL BLOCK DIAGRAM 
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GENERAL DESCRIPTION 


The Samsung KM41C16000A/AL/ALL/ASL is a high 
speed CMOS 16,777,216 bitx 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41C16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM41C16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 
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ELECTRONICS 


KM41C16000A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (top views) 


* KM41016000 AJ/ALJ/ALLJ/ASLJ =» KM41C16000 AT/ALT/ALLT/ASLT + KM41C16000 ATR/ALTR/ALLTR/ASLTR 


AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 
Vss Vss Vcc 
Q Q 
N.C N.C N.C 
CAS CAS Ww 
N.C N.C RAS 
Ag Ag An 
As As A10 
Az A7 Ao 
A6 As Ay 
As As A2 
Ag Ag A3 
Vss Vss Vcc 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S: 300MIL(Forward) SR : 300MIL(Reverse) 











Data Out 



































AS Row Address Strobe 
| eae 
CAS Column Address Strobe 
Ww Read/Write Input 
Vcc Power(+5.0V) 
Vss Ground 
N.C. No connection 
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ELECTRONICS 


KM41C16000A/AL/ALL/ASL 


CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 





Parameter 







































Voltage on Any Pin Relative to Vss Vin, Vout -1 to + 7.0 V 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 








Short Circuit Output Current 





* 








los 





50 














Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 





Parameter 


Supply Voltage 


















Vss 
VIH 


Ground 











Input High Voltage 




















Input Low Voltage 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
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Parameter Symbol} Min | Max | Units 
KM41C16000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM41C16000A/AL/ALL/ASL-6 — 2 80 mA 
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 60 mA 
KM41C16000A 2 mA 
Standby Current KM41C16000AL ees 7 1 mA 
(RAS=CAS=W=Vu ) KM41C16000ALL 1 mA 
KM41C16000ASL 1 mA 
KM41C16000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM41C16000A/AL/ALL/ASL-6 ea 7 80 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 60 mA 
KM41C16000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM41C16000A/AL/ALL/ASL-6 ieey 7 70 mA 
(RAS=Vit, CAS, Address Cycling @tpc=min.) KM41C16000A/AL/ALL/ASL-7 60 mA 
KM41C16000A/AL/ALL/ASL-8 50 | mA 
KM41C16000A 1 mA 
Standby Current KM41C16000AL ieee . 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM41C16000ALL 200 | pA 
KM41C16000ASL 200 LA 
KM41C16000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM41C16000A/AL/ALL/ASL-6 ies ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM41C16000A/AL/ALL/ASL-7 70 mA 
KM41C16000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, input High Voltage(Vin)=Vcc-0.2V 
i ARS _-RE. RS KM41C16000AL - 450 HA 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS KM41C16000ASL Icc7 350 HA 


Cycling or 0.2V Din=Don't Care Tac=31.54S(L-Ver.) 
62.54S(SL-Ver.), TRAS Smin~300ns 
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ELECTRONICS 


KM41C16000A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued 


(Recommended operating conditions unless otherwise noted) 







Parameter 





Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 
DQ1-DQs=Vcc-0.2V, 0.2V or Open 


Input Leakage Current 
(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 volts.) 












KM41C16000ALL 





I) -10 














Output Leakage Current 
(Data out is disabled, OV<VouT< Vcc) 





Output High Voltage Level (loH=-5mA) 











Output Low Voltage Level (lo.=4.2mA) 


*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, Voc=5V, f=1MHz) 


Parameter 


Input Capacitance (D) 





Input Capacitance (Ao-A11) 


Input Capacitance (RAS, CAS, W) 
Fineaiommeanes <= ile ee 





Access time from CAS 
Access time from column address | a | 
CAS to output in Low-Z 

Output buffer turn-off delay 

Transition time (rise and fall) 




















RAS precharge time 
RAS pulse width 
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KM41C16000A/AL/ALL/ASL 


CMOS DRAM 





AC CHARACTERISTICS (continued) 


| 5 | 
Symbol 
| Min | Max 


Parameter 


Row address set-up time 


Row address hold time 


ta 


% 


{RAH 





Column address set-up time 
Column address hold time 
Column address hold time referenced to RAS 





Column address to RAS lead time 





tasc 





{CAH 


fol fel 
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Min | Max | Min 
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Units | Notes 



















































































































































































ns 
Read command set-up time tRCS 0 0 ns =a 
Read command hold time referenced to CAS tRCH 0 | 0 ns 9 
Read command hold time referenced to RAS tRRH 0 hs 0 0 ns 9 
Write command hold time twcH 10 15 15 ns 
Write command hold time referenced to RAS twcr ae 45 60 ns | 6 
Write command pulse width 10 15 15 firs | 
Write command to RAS lead time tRWL fi 20 lns| | 
Write command to CAS lead time tow. HH 20 ns = 
Data set-up time tos 0 ns | 10 
Data hold time | {DH 15 ns 10 
Data hold time referenced to RAS {tDHR 60 ns 6 
Refresh period (Normal) {REF 64] ms 
Refresh period (Low Power & Self Ref.) tREF 128 128 | ms i 
Refresh period (Super Low Power) | ter 256 256 256| ms| 
Write command set-up time twcs 0 |} 8 0 ns | 
CAS to W delay time eae 20 20 ns 8 
RAS to W delay time 70 80 ns 8 
Column address to W delay time 35 40 ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 10 | ns 
CAS hold time (CAS-before-RAS refresh) 15 15 ns 
RAS. to CAS precharge time 5 5 
CAS precharge time (C-B-R counter test cycle) 30 30 
Access time from CAS precharge F =I 40 45 
Fast Page mode cycle time tPc 35 [| ai |] | sol | 





Fast Page mode read-modify-write cycle time 
CAS precharge time (Fast Page mode) 
RAS pulse width (Fast Page mode) 














RAS hold time from CAS precharge 








Write command set-up time (Test mode in) 


Write command hold time (Test mode in) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 





AC CHARACTERISTICS (Continued) 

















ts tt 
sani el aaa asl sa 
WroRASprechagetime C-B-Aretesh) | tw | 10] | vo} | to] | to] | os | 
WioRAShadtime C-o-Rretesh) | tw | 10] | tof | to] | tons | 
AS puisowidth CHA rchest) | tass | 100} | 100] | oof | too] ns | 8 
AS proctagetime C-H-Rretesry | ws | | | tro] | tao] | t50| | ns | 5 
[CAShoidtime C-B-Aretesry | tows | 80] | so] | soy | 80) no | 5 


TEST MODE CYCLE (Note 12) 
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ELECTRONICS 


KM41C16000A/AL/ALL/ASL CMOS DRAM 





NOTES 


1. An initial pause of 200zs is required after power-up read-write cycle and the data output will contain 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 
. Vin(min) and Vit(max) are reference levels for 


duration of the cycle. If tcwo>tcwo(min), tawD > 
tRwD(min) and tawD >tawp(min), then the cycle is a 


ei” 


ELECTRONICS 


the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between ViH(min) and ViL(max) are cycle. = 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

. Operation within the taco(max) limit insures that 11. Operation within the trao(max) limit insures that 
trac(max) can be met. trcp(max) is specified as a trac(max) can be met. trap(max) is specified as a 
reference point only. If tcp is greater than the reference point only. If trap is greater than the 
specified trcp(max) limit, then access time is specified tRaD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

. Assumes that tRcbD >trRcD (max). 12. These specifications are applied in the test mode. 

. tar, twor, tbHR are referenced to tRAD(max). 13. In test mode read cycle, the value of tRAc, taa, tcac 

. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to Vou or VoL. cycles by adding the above value to the specified 

. twcs, trwo, tcwo and tawp are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toEz(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 


within 64ms before and after self refresh, in order 
to meet refresh specification. 





KM41C16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS 
READ CYCLE 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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KM41C16000A/AL/ALL/ASL | CMOS DRAM 





TIMING DIAGRAMS (continuea) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp tap 
RAS Vin — tar 3 
Vi — 





ee Sea tec 
top tcp trsH 


Vu = tcas tcas 
CAS Vi — Y/ 
tasc l 
tasr 
Viq Y xX COLUMN KX YY itis) 
ace OEE Sates Te ve RK soonest KS 


XX XAL ADDRESS ADDRESS VAX X X > OY) 


oll 













oe Vin — WA, Tl. ? 
WE TORR OLT_ KOT or QE 


ware + Pon 
(ie VV poe YYN Y, = \/ 
D ~ XXX) qf ottn DRO orton DEE AN DRY 


Viv 


< 


tour 


FAST PAGE MODE READ-WRITE CYCLE 








trasP = 


Vin 
Vi 


tar 


es — 


tasH 
oe z 
Vy ela t byl 
oY E- ie {/ 
Vit — x 





tasr 


tes 
ne > RF Row WARM ar OOK oe a Oa RERRSRRXRSNS 


Vit L\Z\ 


2 =a 
} ee =e 
XXY : x) 


fe SR RIT ty — SOK ott RS 
see — = 
= Ot a, O_o) 
RY DON'T CARE 
en 7 


ELECTRONICS 

















KM41C16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’'t Care 
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CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: D, Address: Don't Care 
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TEST MODE DESCRIPTION 


The KM41C16000A/AL/ALL/ASL is the RAM organized “Test Mode", the 16M DRAM can be tested as if it were 
16,777,216 words by 1 bit, it is internally organized 1, a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
048,576 words by 16 bits. In "Test Mode", data are Mode in Cycle) puts the device into "Test Mode". And 
written into 16 sectors in parallel and retrieved the same "CAS-BEFORE-RAS REFRESH CYCLE" or "RAS-only 


way. Column address bit Ao, A1, A1o and A11 are not Refresh Cycle" puts it back into "Normal Mode". The 
used. If, upon reading, 16 bits are equal (all "1"s or "0"s) “Test Mode" function reduces test time (1/16 in cases of 
the Q pin indicates a "1". N test pattern). 


if they were not equal, the Q pin would indicate a "0". In 
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KM41C16000A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 





















0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 





0.295 (7.49) 
0.305 (7.75) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 











4 
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0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (S00MIL, Forward and Reverse Type) 


| 0.026(0.66) - 
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KM41C16000A/AL/ALL/ASL -CMOS DRAM 





PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 
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24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
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re Dat 
fom te) 
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4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: 











KM44C4000A/AL/ALL/ASL-5 
~ KM44C4000A/AL/ALL/ASL-6 
KM44C4000A/AL/ALL/ASL-7 | 70ns 
KM44C4000A/AL/ALL/ASL-8 




















- Fast Page Mode operation 

+ CAS-before-RAS refresh capability 

+ RAS-only and Hidden Refresh capability 

« Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

- Double+5.0V+ 10% power supply 

- 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

¢ Available in plastic SOJ and TSOPiII) 


FUNCTIONAL BLOCK DIAGRAM 


GENERAL DESCRIPTION 


The Samsung KM44C4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44C4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Control Vcc 
Clocks Vss 



















Refresh Timer 
= 
Refresh Control 
Refresh Counter 


AO~A11 Row Address Buffer 


Col. Address Buffer 




















AQ~A9 


Memory Array 
4,194,304 x4 


Column Decoder 


———— 







Data in 
Buffer 


















Sense Amps & |O 





Data out 
Buffer 
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KM44C4000A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (top views) 


* KM44C4000 AJ/ALJ/ALLJ/ASLJ +» KM44C4000 AT/ALT/ALLT/ASLT + KM44C4000 ATR/ALTR/ALLTR/ASLTR 
AK/ALK/ALLK/ASLK AS/ALS/ALLS/ASLS ASR/ALSR/ALLSR/ASLSR 


Vss 





DQ, 

DQ3 

CAS 

OE 

Ag 

As 

A? 

As 

As 

Aa 

Vss 
J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MiL(Reverse) 




















Pin Name Pin Function 
Ao-A11 Address inputs 

DQ1~4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 




















OE Data Output Enable 
Vcc Power(+5.0V) 





<I ; 


ELECTRONICS 


KM44C4000A/AL/ALL/ASL 


CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 










































* 














Parameter 
Voltage on Any Pin Relative to Vss Vin, Vout -1to +7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 Vv 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp i 1 W 
Short Circuit Output Current los 50 mA 








Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
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Parameter Min Typ Max Unit 
Supply Voltage 4.5 5.0 5.5 V 
Ground 0 0 0 V 
Input High Voltage 2.4 — Vec + 1 Vv | 
Input Low Voltage -1.0 = 0.8 V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol! Min | Max | Units 
KM44C4000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM44C4000A/AL/ALL/ASL-6 - 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AV/ALL/ASL-8 60 mA 
KM44C4000A 2 mA 
Standby Current KM44C4000AL ron : 1 mA 
(RAS=CAS=W=Vu ) KM44C4000ALL 1 mA 
KM44C4000ASL 1 mA : 
KM44C4000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM44C4000A/AL/ALL/ASL-6 ics 7 80 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 mA 
KM44C4000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM44C4000A/AL/ALL/ASL-6 ian 7 70 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM44C4000A/AL/ALL/ASL-7 60 mA 
KM44C4000A/AL/ALL/ASL-8 50 mA 
|. a 
KM44C4000A 1 mA 
Standby Current KM44C4000AL nas - 300 LA 
(RAS=CAS=W=Vcc-0.2V) KM44C4000ALL 200 HA 
KM44C4000ASL 200 uA 
KM44C4000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM44C4000A/AL/ALL/ASL-6 ee ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM44C4000A/AL/ALL/ASL-7 70 mA 
KM44C4000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Lp Mode, Input High Voltage(Vin)=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS sponded Icc7 - ot me 
Cycling or 0.2V Din=Don't Care TRc=31.25uS(L-Ver.) F 
62.54S(SL-Ver.), Tras min~300ns 
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DC AND OPERATING CHARACTERISTICS (Continueg) 


(Recommended operating conditions unless otherwise noted) 


Parametr iY Sab in | Oni 


Self Refresh Current 
RAS=CAS=0.2V 
W=OE=Ao-A11=Vcc-0.2V or 0.2V 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 


Input Leakage Current 
(Any input 0< Vin <Vcc+0.5V, all other pins not under test=0 volts.) 








Output Leakage Current 
(Data out is disabled, OV<VouT< Vcc) 


Output High Voltage Level (loH=-5mA) 











“NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. in Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 





Parameter 












Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQa4) 








Parameter Symbol 


Random read or write cycle time 
Read-modify-write cycle time 


Access time from RAS tRAC 











Access time from CAS 





Access time from column address 


tcac 
CAS to output in Low-Z 
| torr | 
tt 











Output buffer turn-off delay 










































































Transition time (rise and fall) 

RAS precharge time tRP 

RAS pulse width tRAS 

RAS hold time tRSH 

CAS hold time tcsH 

CAS pulse width teas | 131} 10,000 10,000} ns 

RAS to CAS delay time trcp | 20 37 20 60| ns | 4 
RAS to column address delay time tRAD | 15 25 15 40} ns 11 
CAS to RAS precharge time tcrP | 5, of ws | 
Row address set-up time tasR 0 | of of ws | 
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AC CHARACTERISTICS (continued) 
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Parameter Symbol ers ts ses i eee e Units} Notes 
Min Max | Min} Max 

Row address hold time tRAH “10 ns 
Column address set-up time tasc 0 0 ns 
Column address hold time {CAH 15 ns i 
Column address hold time referenced to RAS tar 60 ns 6 
Column address to RAS lead time tRAL 40 ns 
Read command set-up time tRCS 0 | 0 ns 
Read command hold time referenced to CAS tRCH 0 reel 9 
Read command hold time referenced to RAS tRRH 0 _|_ns 
Write command hold time twcH 15 ns 
Write command hold time referenced to RAS twcr 60 ns 6 
Write command pulse width twp 15 4 ns 
Write command to RAS lead time tRWL 20 = ns 
Write command to CAS lead time tcwL 20 ns | 
Data set-up time tps 0 ns 10 
Data hold time tOH 15 ns 10 
Data hold time referenced to RAS tDHR 60 ns 6 
Refresh period (Normal) tREF | | es] | of | asf | 64; ms 
Refresh period (Low power & Self Ref.) tREF | | tan] | tz] | 128] 128} ms 
Refresh period (Super Low power) tREF im 256 256 256 256 | ms 
we comma set-up time twcs | ol 0 0 | seule ns ae 
CAS to W delay time tcwo | 36 40 50 50 ns 8 
RAS to W delay time tawo | 73 85 100 110 ns 8 
Column address to W delay time tAwD 48 55 65 70 a ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 a ee ns 
CAS hold time (CAS-before-RAS refresh) 10 15 =| 15 ns 
RAS to CAS precharge time 5 5 15 a 
CAS precharge time (C-B-R counter test cycle) 20 30 30 ns 
Access time from CAS precharge 35 45) ns 3 
Fast Page mode cycle time 40 ns 
Fast Page mode read-modify-write cycle time 85 ns 
CAS precharge time (Fast Page mode) 10 ns 
RAS pulse width(Fast Page mode) 60 | 200000 200000 | ns 
RAS hold time from CAS precharge 35 ns 
OE access time. 15 20| ns 
OE to data delay 15 ns atl 
Output buffer turn off delay time from OE 0 15 0 20 0 20| ns 
OE command hold time 15 20 20 ns 
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AC CHARACTERISTICS (Continued) 




































































































































































Parameter Symbol el ts) es 
Write command set-up time (Test mode in) twTs ns | | 
Write command hold time (Test mode in) tWTH ns | | 
W to RAS precharge time (C-B-R refresh) tweP ns 
W to RAS hold time (C-B-R refresh) tWRH ns 
RAS pulse width (C-B-R self refresh) tRASS HS 15 
RAS precharge time (C-B-R self refresh) tRPS ns 15 
CAS hold time (C-B-R self refresh) tCHS ns 15 
TEST MODE CYCLE (Note.12) 
-5 -6 -7 -8 
Parameter Symbol Units | Notes 
Min| Max | Min | Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 — 8 135 155 ns 
Read-modify-write cycle time trwc | 138 190 210 ns | 
Access time from RAS tRAC | gs} | 65 75 85| ns | 3,4,11 
Access time from CAS tcac | ta] 20 25 25| ns | 3,45 
Access time from column address jm | | 30] 35 40 45) ns 3,11 
RAS pulse width tRAS 55 | 10,000} 65} 10,000} 75} 10,000}; 85] 10,000) ns 
CAS pulse width tcas 18 | 10,000) 20} 10,000; 25 10,000) 25 ns 
RAS hold time trsH_ | 18 a an 25 | 95 ns 
CAS hold time tcsH | 55 65 75 85 ns 
Column address to RAS lead time tra. | 30 35 40 45 ns 
———— 
CAS to W delay time tewo | 41 45 55 al 55 ns 8 
RAS to W delay time trwo | 78 90 105 115 ns 8 
Column address to W delay time tawo | 53 60 70 75 ns 8 
Fast Page mode cycle time tPc 40 45 50 55 ns 
Fast Page mode read-modify-write cycle time tprwc| 81 90 105 110 ns 
RAS pulse width (Fast Page Mode) a trasP | 55 | 200,000] 65 | 200,000} 75 | 200,000} 85 | 200,000) ns 
Access time from CAS precharge tCPA 35 40 | 45 50} ns 3 
OE access time tOEA 18 20 25 25| ns 
OE to data delay toep | 18 20 25 | 25 | | ns 
OE command hold time toeH | 18 20 25 25 ns 
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NOTES 
1 


~ 


. An initial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. Vik(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 
and 100pF 
. Operation within the tacp(max) limit insures that 


trac(max) can be met. trcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trop > trRcp (max). 
. tar, twcr, tDHR are referenced to tRaD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VOL. 

twcs, tRwD, tcwo and tawp are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. if twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), tawo > 
trRwo(min) and tawD >tawo(min), then the cycle is a 


10. 


11. 


12. 
13. 


14, 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
tRaAc(max) can be met. tRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toEz(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 


trc 


co tap 
Vin 


DI 
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ma 
toez 
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Vou | ry 
Voi— A 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY CYCLE) 


t tre 
i RAS + 
Vin = 
RAS tar 


———— 
CE ION 
i 











torp 


* Uy 


Vv 
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tos tox 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE | 


tawe 


tre 
tras 


torp 
treo trash 


Viq Ca a tcas 
CAS — x tase trap 

wae : 

Pht F4 

Vin \/ \/ YYYY YY Y VY Y¥ YY YY YY YY YY YY VY VY VY VY 

me OE rom ON coms PRCA ARAN) 
. - = ‘AWD -—~ RWL 

wot | | 


= 
Vie= Vv TIT, HOE 
Fn RE] 





tos 


CKXXXXXXX 


toep 


trac toez ton 


Vou — | OY x 

DQ,-Da ix) VALID OX*A _VALID 

Oe P ROOK vata our y OK ots 
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FAST PAGE MODE READ CYCLE 
eS ee tre 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


om OD JR=NE * . a 
ise apa Seale! 
rr Coe me ADDRESS DO fiz xs et Ky 
= Vin i le \/ 
WE RES oN anak as DOT FON 
Powe =e | cam age a 
xT ae SSRI 
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woo SEE ae KOC aes, DOH a MERE 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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t 
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CAS 0) 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 











ViH— 
RAS Vie 
a ViH— 
CAS 

Vit— 
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CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’'t Care 
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__ ViH— 
RAS ——____—_——_- tras 

vit tapc trPc 

tcsr iene 

ViH— 
CAS 

ViL— 

torr 
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DQ,-DQ, Vv OPEN 

VOL — 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 
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— ViH — 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE trp 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 


-—__________—— tre 


Vin _ 


es) 
>| 
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Vii 
trec 


top 
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Q 
> 
n 
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Ym ~ SEXK ARR 


Vii — YA 
torr 


Vv 
DQ,-DQ, 


TEST MODE DESCRIPTION 


The KM44C4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In “Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 





tap 
tras 





ASSIS OK 


LN XXX 


KX AAR KK KK 


OPEN 


Ke DON’T CARE 


Mode", the 4M x 4 DRAM can be tested as if it were a 
1Mx4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
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0.670 (17.02) 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 



















Ia 0.004(0.1) 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 








L 0.026(0.66) 

0.032(0.81) 

0.050(1.27) 
MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 









0.367 (9.32) 


0.298 (7.57) 
0.302 (7.67) 
0.359 (9.12) 






0.324(8.22) 








0.671 (17.04) 
0.679 (17.24) 


—_ 0.048 (1.22) 0.012 ooro0 
0.052 (1.32) 0.020 on200, 50) 0.037 (0.95) 
TYP 


0.016 (0.40) 
0.024 (0.60) 








0.039 (1.0) 
0.047 (1.20) 






0.005 (0.13) 
0.008 (0.20) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


7 0.025(0.64) 
MIN 









0.380(9.65) 
0.430(10.90) 





0.360(9.10) 





0.400(10.16) 





0.008(0.20) 














J it 


r 0.725(18.42) 
T T 
CY)! 0.004(0.1) al 
0.050(1.27) =n 0.015(0.38) i 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 














— t 
0.144(3.66) |! 
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0.050(1.27) 
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24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
oe 
: ay TT) 
ies te 
0.723 (18.36) = 
0.727 (18.46) 7 SIs 
Slo 0.005 (0.13) 
0.008 (0.20) 
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0.052 (1.82) 0020 (050) 0.037 (0.95) 
A: Hes 


TYP 




















0.016 (0.40) | a 
0.024 (0.60) 
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CMOS DRAM 





4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


« Performance range: 














GENERAL DESCRIPTION 


The Samsung KM44C4100A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx4 Dynamic Random 


tre Access Memory. Its design is optimized for high 
KM44C4100A/AL/ALL/ASL-5 90ns performance applications such as mainframes, mini 
KM44C4100A/AL/ALL/ASL-6 14 Ong: | computers, graphics and high performance portable 
computers. 
KM44C4100A/AL/ALL/ASL-7 130ns 





« Fast Page Mode operation 

« CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 
* Double+5.0V+ 10% power supply 

« 2048 cycles/32ms refresh (Normal) 





Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44C4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


° 2048 cycles/128ms refresh (Low power & Self Ref.) 


* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 
¢ Available in plastic SOJ and TSOP(I}) 


FUNCTIONAL BLOCK DIAGRAM 





Control 
Clocks 


Vcc 


Vss 











Refresh Control 
























A0~A10 


Column Decoder 


—————_—_—_—_—_—————_, 








DQ1 
to 
DQ4 


Memory Array 
4,194,304 x 4 
Cells 






Sense Amps & IO 










Data out 
Buffer 
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PIN CONFIGURATION (Top Views) 


* KM44C4100 AJ/ALJ/ALLJ/ASLJ 
AK/ALK/ALLK/ASLK 


* KM44C4100 AT/ALT/ALLT/ASLT 
AS/ALS/ALLS/ASLS 


Vss 
DQ, 
DQ3 


CAS 





J: 400MIL 
K : 8300MIL 


T : 400MIL(Forward) 
S : 300MIL(Forward) 


* KM44C4100 ATR/ALTR/ALLTR/ASLTR 
ASR/ALSR/ALLSR/ASLSR 








TR 
SR 


: 400MIL(Reverse) 
: 8300MIL(Reverse) 
































Pin Name Pin Function 

Ao-A10 Address Inputs 

DQ1~4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 
| WwW Read/Write Input 

OE Data Output Enable 

Vcc Power(+5.0V) 

N.C No Connection 
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ABSOLUTE MAXIMUM RATINGS 




















Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, Vout -1 to + 7.0 Vv 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 Vv “ 
Storage Temperature Tstg -55 to + 150 
Power Dissipation Pp 1 W 
Short Circuit Output Current los 50 mA 








* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 










Parameter 


Supply Voltage Vcc 
Ground Vss 


Vv 
Input High Voltage VIH : = Vcc + 1 Vv 
Vv 








































VIL 














Input Low Voltage 
















































































Parameter 
KM44C4100A/AL/ALL/ASL-5 
Operating Current* KM44C4100A/AL/ALL/ASL-6 nes 
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA 
KM44C4100A/AL/ALL/ASL-8 80 mA 
KM44C4100A 2 mA 
Standby Current KM44C4100AL ae 7 1 mA 
(RAS=CAS=W=VH ) KM44C4100ALL 1 mA 
| KM44C4100ASL 1 mA 
—_ KM44C4100A/AL/ALL/ASL-5 | 110 mA 
RAS-Only Refresh Current* KM44C4100A/AL/ALL/ASL-6 136 , 100 mA 
(CAS=Vin, RAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA 
| KM44C4100A/AL/ALL/ASL-8 { 80 | mA 
KM44C4100A/AL/ALL/ASL-5 90 mA | 
Fast Page Mode Current" KM44C4100A/AL/ALL/ASL-6 isa 7 80 mA 
(RAS=Vi, CAS, Address Cycling @tec=min.) KM44C4100A/AL/ALL/ASL-7 70 mA 
KM44C4100A/AL/ALL/ASL-8 60 mA | 
KM44C4100A 1 mA 
Standby Current KM44C4100AL ics 300 HA 
(RAS=CAS=W=Vcc-0.2V) KM44C4100ALL 200 HA 
KM44C4100ASL 200 LA 
KM44C4100A/AL/ALL/ASL-5 110 mA 
CAS-Before-RAS Refresh Current* KM44C4100A/AL/ALL/ASL-6 es _ 100 | mA 
(RAS and CAS Cycling @trc=min.) KM44C4100A/AL/ALL/ASL-7 90 mA 
| KM44C4100A/AL/ALL/ASL-8 80 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vir)=Vcc-0.2V 
Input Low Voltage(ViL)=0.2V CAS=CAS-Before-RAS ae eee lcc7 - a . ‘ 
Cycling or 0.2V Din=Don't Care Tro=62.54S(L-Ver.) B 
125S(SL-Ver.), TRasSmin~300ns 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Si. = = _ - ras — — TW eel ees il) T tpgsstaced 
Parameter Symbol} Min | Max | Units 





Self Refresh Current 
RAS=CAS=0.2V 








W=OE=Ao-A10=Voo-0.2V or 0.2V ae lcs | - | 300) #A 
DQ1-DQ4=Vcc-0.2V, 0.2V or Open 
[input Leakage Corrent ; | 

nput Leakage Curren rr -10 10 wh 


(Any input 0<ViIN <Vcc+0.5V, all other pins not under test=0 volts.) 








Output Leakage Current 

(Data out is disabled, OV< Vout <Vcc) low ae He pA 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
T a 

Output Low Voltage Level (lo.=4.2mA) VOL - 0.4 V 




















nn Ses Se ee eee 

*NOTE: {cc1, Icc3, Icca and !cce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°C, Voc=5v, f=1MHz) 

























































































Parameter 
input Capacitance (Ao~A10) 
Input Capacitance (RAS, CAS, W, OE) 7 pF 
Input Capacitance (DQ1~DQa) 
AC CHARACTERISTICS 0°c<ta<70°C, Vec=5.0V+10%, See notes 1,2) 
-§ -6 -7 -8 
Parameter Symbol Units | Notes 
Min| Max | Min; Max | Min| Max | Min; Max 
Random read or write cycle time tRC 90 110 130 150 ns 
Read-modify-write cycle time trwe | 133 155 | “4 185 [ | 205 | | ns i | 
Access time from RAS tRAC 50 60 ie 70 ( 80} ns | 3,411 
Access time from CAS tcac_| 13 15 | 20 | 20; ns | 34,5 
Access time from column address tAA 25 _| 30 | 35 | 40 | ns 3,11 
CAS to output in Low-Z teiz | 0 0 L 0 0 | ns | 3 
Output buffer turn-off delay tOFF 0 13) 0 | 15 0 20 0| 20} ns jt 
Henatton time (rise and fall) ffs St 3 50 3 Mis 50 (ie cee 50 A 50 |_ns hes 2 | 
RAS precharge time tRP 30 40 50 60 ns 
RAS pulse width tRAS 50 60 | 10,000 | 70) 10,000 { 80) 10,000; ns 
RAS hold time trsH | 13 15 20 20 ns 
CAS hold time | tesa | 50 60 | iz i [20] ee i- 
CAS pulse width tcas cf 13 | 10,000) 15 10,000 | 20 | 10,000 | 20 | 10,000 | ns 
RAS to CAS delay time | taco | 20 37| 20]; 45/ 20 50| 20}; 60 ng | rae 
vail address seat’ ie 15 25| 15 - 30 | 15 = 35 | 15] 40) ns ie 11 a 
‘AS to RAS precharge time tcRP 5 5 5 S| ns 
Row address set-up time tASR ig 0 0 i 0 [= | 0 i ns 
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AC CHARACTERISTICS (Continued) 
-5 -6 -7 -8 
Parameter Symbol — —- Units | Notes 
| Min} Max | Minj Max |; Min] Max | Min| Max 
Row address hold time tRAH 10 10 10 10 ns 
ea a re am 
Column address set-up time a tasc_ | 0 0 0 0} ns | 
Column address hold time tCaH 10 10 | | 15 I 15 ns 
a — - 37 4 + 
Column address hold time referenced to RAS |_ tar af 40 45 55 60 | _fs 6 
Column address to RAS lead time tRAL | 25 30 35 a 40 ns | 
\- 
Read command set-up time tRCS 0 [ 0 | i 0 | ns | 
Read command hold time referenced to CAS tRCH 0 0 0 0 ns 9 | 
: RAS 7 a ie ee [= 
Read command hold time referenced to RAS tRRH 0 0 0 0 | ns 
= 
Write command hold time twCH 10 10 15 3 15 | ns | | 
Write command hold time referenced to RAS {| twer | 40 45 55 60 ns 6 | 
Write command pulse width twp 10 10 15 15 ns 
ao | 
Write command to RAS lead time tRWL 15 15 | 20 | e 20 | “a ns {| | 
Write command to CAS lead time tem | 13 15 20 | 20 ns ] 
+. 4 T 
Data set-up time tos 0 0 0 0 ns 10 
{~ T 
Data hold time tDH 10 10 15 15 ns 10 
Data hold time referenced to RAS toHR | 40 a 45 55 60 ns 6 
Refresh period (Normal) tREF 32 32 32 | ms 
Refresh period (Low power & Self Ref.) tREF 128 128 128) ms 
Refresh period (Super Low power) tREF 256 256 256 | ms 
Write command set-up time twcs 0 0} Oo} {0 ns | 8 
CAS to W delay time i towo | 36 40 | 50 50 |_ns 8 | 
RAS to W delay time _|_tawo 73 85 100 110 ns | 8 
Column address to W delay time tawo | 48. 55 | 65 | 70 ns 8 | 
CAS set-up time (CAS-before-RAS refresh) tcsR | 10 10 10 [ 10 ns 
ae = a | T Zl 
CAS hold time (CAS-before-RAS refresh) {CHR 10 7; 10 15 15 ns 
ae —] r 7 T 7 
RAS to CAS precharge time tRPC 5 5 5 5 | ns 
ee, = r 1 i ean | | 
CAS precharge time (C-B-R counter test cycle) |_ tcpr 20 20 30 | 30 ns 
Access time from CAS precharge tCPA 30 tee 35; | 40 45| nm | 3 | 
Fast Page mode cycle time tpc 35 40 45 | 50 ns 
Fast Page mode read-modify-write cycle time tpRWC| 76 85 100 105 | ns | 
CAS precharge time (Fast Page mode) tcp i 10 10 10 | 10 ns | 
RAS pulse width(Fast Page mode) trasP | 50 | 200000 60 | 200000 | 70 | 200000} 80 200000; ns 
a ig Ty Ty a 
RAS hold time from CAS precharge tRHCP [20 35 40 | 45 ns | 
= — a a 
OE access time tOEA 13 15 20 20; ns 
= +OA f 1 
OE to data delay = tOED 13 15 | L 20 ie dhe 20 L zi ns_| | 
Output buffer turn off delay time from OE toEz 0 13; - 0 15] 0 20 0 20| ns | 
"| OE command hold time tory | 13 15 20 20 ns 
40 
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CMOS DRAM 
AC CHARACTERISTICS (Continued) 
Parameter Symbol sre, = eu 4: 5 —— Units | Notes 
Min| Max | Min} Max | Min| Max 
Write command set-up time (Test mode in) twTs 10 10 10 10 ns 
Write command hold time (Test mode in) twrH | 10 ne 10 10 ze 10 = ne | a 
W to RAS precharge time (C-B-R refresh) twee | 10 10 101 10 ns 
W to RAS hold time (C-B-R refresh) twRH | 10] | 101 10 10 ns 
RAS pulse width (C-B-R self refresh) trass | 100 (eee 100 100 100 us 15 
RAS precharge time (C-B-R self refresh) | taps | 90 — 110 130 150] ) 15 
CAS hold time (C-B-R self refresh) tcHs | -50 -50 -50 -50 ns 15 | 
TEST MODE CYCLE (Note.12) 
Parameter Symbol —_ a8 =! wz ae Units | Notes 
Min| Max | Min| Max | Min| Max 
Random read or write cycle time tRC 95 115 135 155 ns 
Read-modify-write cycle time trwc | 138 160 | |_190 — 210 I _|_ ns + z| 
Access time from RAS tRAC 55 65 75 85) ns | 3,4,11 
Access time from CAS | toac 18} | 20 a 25 7 25| ns | 3,45 
Access time from column address TAA 30 35 40 45; ns 3,11 
RAS pulse width | tras | 55] 10,000 6s | 10,000 75 | 10,000 es | 10,000) ns | 
CAS pulse width {CAS 18] 10,000} 20] 10,000) 25 | 10,000} 25 | 10,000; ns 
RAS hold time trsH | 18 20 | 25 25 ns 
CAS hold time tcsH | 55 65 75 85 ns 
Column address to RAS lead time [tran i 30 35 | 40 a 45 i ns | | 
CAS to W delay time tcwo | 41 45 | 55 55 ns 8 
RAS to W delay time trwo | 78 90 | 105 i [a5 ns 8 | 
Column address to W delay time tawo | 53 60 al 75 ns 8 
Fast Page mode cycle time tPc mi 40 45 50 55 ns 
Fast Page mode read-modify-write cycle time | tpRWwc} 81 90 105 110 jons | 
RAS pulse width (Fast Page Mode) trasP | 55 | 200,000] 65 ; 200,000} 75 pen 85 _{ 200,000 ns 
Access time from CAS precharge tora | 35 40 45 50) ns 3 
OE access time tOEA 18 20 25 25) ns 
OE to data delay tOoED 18, | 20 25 25 ns 
OE command hold time toeH | 18 20 25 25 ns 
41 
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NOTES 


1. 


An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViIH(min) and Vit(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 2 TTL loads 


and 100pF 


. Operation within the trcp(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If tRcp is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that tRcD >trcp (max). 
. tar, twcr, toHR are referenced to tRAD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VOL. 


. twcs, tRwD, tcwD and tawD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwo(min), trwo > 
trwp(min) and tawD > tawp(min), then the cycle is a 


10. 


12. 
13. 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


. Operation within the tRAp(max) limit insures that 


tRAc(max) can be met. trRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRaD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAC, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS 6 continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS C(continueg) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 
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TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 
TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE [~ trp 


RAS tras 


CAS 










View — 


to — KKK) 


A 





READ CYCLE {wre 
RT Ry 


OE 











ALALBDALALA ALS ALLA 
Vou 
DQ;-DQ, 
Voi — 
WRITE CYCLE ,, 
as Vin — TYVAAG wR) YVYV YY VV 
W ¢ KXXXXKXXXKAK) 
we — OXXY KY 
| 
| 
OE 
Vv — 
DQ;-DQ, 


Voi— 








Vi 
Vi — 
topt RSH 
Vin — i tour tcas / Vf 
; : ‘ 


BC Bes HS 
i | tess 
| | i Par 


1 — KN 


Ve — RRR RIKI KKK AARON 


Cone] 





CIN 


RX 
XY 












ARR 


torr 


















twe 


Z\ LV NVAALYVANAS 


too 





‘tow. 


tawp 








READ MODE WRITE Lt 

_ Vu — WY ¥, VY ‘wey KIVVVVV 

ey OY KX) 
taa | 

FF A OOOO OOOO! . 

00-00 be ORE 


VALID DATA-OUT — VALID DATA-IN 


KX DON'T CARE 








tie 


ELECTRONICS 


49 


KM44C4100A/AL/ALL/ASL 


CMOS DRAM 





TIMING DIAGRAMS (continueg) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 
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TEST MODE DESCRIPTION 


The KM44C4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and A1 are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


twtH 


tras 


AX NON 


LEEK 


OPEN 


Lao ow care 


Mode", the 4M x4 DRAM can be tested as if it were a 
1Mx 4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) 


Units: Inches (millimeters) 


0.027 (0.69) 
MIN 
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KM44C4100A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 





2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 














FEATURES GENERAL DESCRIPTION 
¢ Performance range: The Samsung KM48C2000A/AL/ALL/ASL is a high 
Roa a = ne oT ee speed CMOS 2,097,152 bit x 8 Dynamic Random 
tRAC tac tac Access Memory. Its design is optimized for high 
KM48C2000A/AL/ALL/ASL-5 50ns 13ns 90ns performance applications such as mainframes, mini 
KM48C2000A/AL/ALL/ASL-6 | 60ns ene .| 440s computers, graphics and high performance portable 
computers. 
KM48C2000A/AL/ALL/ASL-7 | 7Ons 20ns | 130ns 
KM48C2000A/AL/ALL/ASL-8 80ns 20ns 150ns The KM48C2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 








+ Fast Page Mode operation 
« Byte Read/Write operation 


« CAS-before-RAS refresh capability 





* RAS-only and Hidden Refresh capability 





access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


- Fast parallel test mode Capability 

« TTL compatible inputs and outputs 

« Early write or output enable controlled write 

¢ Double+5.0V+ 10% power supply 

« 4096 cycles/64ms refresh (Normal) 

¢ 4096 cycles/128ms refresh (Low power & Self Ref.) 


The KM48C2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


* 4096 cycles/256ms refresh (Super Low power) 


¢ JEDEC standard pinout 


¢ Available in plastic SOJ and TSOP(Il) packages 


FUNCTIONAL BLOCK DIAGRAM 





Control 
Clocks 


Vcc 
Vss 









































Data in 
Refresh Timer Butter 
pe eo r 
Refresh Control <8 Dat 
Memory Array Qa @— to 
Refresh Counter 2,097,152x8 & DQ8 
Cells B 
2 =] Row Address Buffer D 
AQ~A11 Data out 
Buffer OE 





Col. Address Buffer 








Column Decoder 
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KM48C2000A/AL/ALL/ASL 


CMOS DRAM 





PIN CONFIGURATION (Top Views) 


+ KM48C2000 AJ/ALJ/ALLJ/ASLJ 





¢ KM48C2000 AT/ALT/ALLT/ASLT 





° 


1 
2 
3 
4 
5 
6 
7 
8 
9 


= 
« 


* KM48C2000 ATR/ALTR/ALLTR/ASLTR 
































Pin Name Pin Function 
Ao-A11 Address Inputs 

DQ1~8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
WwW Read/Write Input 

OE Data Output Enable 
Vcc 


Power(+5.0V) 
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KM48C2000A/AL/ALL/ASL 


CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 






Parameter 



























Voltage on Any Pin Relative to Vss VIN, VOUT -1to + 7.0 V 
Voltage on Vcc Supply Relative to Vss Vcc -1to +7.0 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 WwW 











Short Circuit Output Current 








los 
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* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 









RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
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Parameter Symbol Min Typ Max Unit 
Supply Voltage 
Ground Vss 0 0 Vv 
Input High Voltage VIH 2.4 —_ Vcc + 1 V 
Input Low Voltage V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol; Min | Max | Units 
KM48C2000A/AL/ALL/ASL-5 90 mA 
Operating Current* KM48C2000A/AL/ALL/ASL-6 —s ; 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
KM48C2000A 2 mA 
Standby Current KM48C2000AL ee : 1 mA 
(RAS=CAS=W=Vu ) KM48C2000ALL 1 mA 
KM48C2000ASL 1 mA 
KM48C2000A/AL/ALL/ASL-5 90 mA 
RAS-Only Refresh Current* KM48C2000A/AL/ALL/ASL-6 aes ; 80 mA 
(CAS=ViH, RAS Cycling @ trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
KM48C2000A/AL/ALL/ASL-5 80 mA 
Fast Page Mode Current* KM48C2000A/AL/ALL/ASL-6 (gay - 70 mA 
(RAS=ViL, CAS, Address Cycling @tec=min.) KM48C2000A/AL/ALL/ASL-7 60 mA 
KM48C2000A/AL/ALL/ASL-8 50 mA 
KM48C2000A 1 mA 
Standby Current KM48C2000AL ies - 300 LA 
(RAS=CAS=W=Vcc-0.2V) KM48C2000ALL 200 uA 
KM48C2000ASL 200 HA 
KM48C2000A/AL/ALL/ASL-5 90 mA 
CAS-Before-RAS Refresh Current* KM48C2000A/AL/ALL/ASL-6 es 7 80 mA 
(RAS and CAS Cycling @trc=min.) KM48C2000A/AL/ALL/ASL-7 70 mA 
KM48C2000A/AL/ALL/ASL-8 60 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vcc-0.2V 
Input Low Voltage(Vi)=0.2V CAS=CAS-Before-RAS ae loc7 - a ae 
Cycling or 0.2V Din=Don't Care TRC=31.254S(L-Ver.) . 
62.5uS(SL-Ver.), Tras <300ns 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (continue) 










































Self Refresh Current 

RAS=CAS=0.2V 

W=OE=Ao-A11=Vcc-0.2V or 0.2V oe 0 ee 

DQ1-DQs8=Vcc-0.2V, 0.2V or Open 

Input Leakage Current fi 10 10 A 

(Any input 0<Vin <Vcc+0.5V, all other pins not under test=0 voits.) uy eo 

Output Leakage Current c 

(Data out is disabled, OV<VoutT<Vcc) low a0. eee ee 
ol eae 

Output High Voltage Level (loH=-5mA) VOH 2.4 - V 

Output Low Voltage Level (loL=4.2mA) VoL - 0.4 V 

















“NOTE: Icc1, Icc3, lcc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. in Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta=25°c, voc=5v, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 

















Input Capacitance (DQ1~DQs) 


AC CHARACTERISTICS 00°c<tTa<70°C, Voc=5.0V+0.5V, See notes 1,2) 


-6 -7 -8 
Parameter Units | Notes 
Min| Max | Min] Max | Min; Max |. 











































Random read or write cycle time 110 130 150 ns 
Read-modify-write cycle time 155 185 205 | ns 

Access time from RAS 50 60 70 80] ns | 3,4,11 
Access time from CAS 13 15 20 20| ns | 3,45 
Access time from column address 25 30 35 40| ns 3,14 
CAS to output in Low-Z 0 0 0 ns 3 












Output buffer turn-off delay torr 13 0 15] 0 20 0 20] ns 7 


Transition time (rise and fall) 3 50 3 50 3 50) ns 2 


RAS precharge time Ea: 40 50 60 ns 
RAS pulse wiath 10,000 | 70| 10,000 | 80| 10,000| ns 
RAS hold time 13 15 20 20 ns 
feasts ______item | |_| 70 20 | ns 


CAS pulse width 13 | 10,000 10,000 20| 10,000 | 20} 10,000| ns 
RAS to CAS delay time 20| 37| 20 20| 50| 20| 60/ ns | 4 


RAS to column address delay time 15 35} 15 40| ns 11 













































































| ral 
CAS to RAS precharge time 5 5 ns 
Row address set-up time 0 0 ns 
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AC CHARACTERISTICS (Continued) 


























































































































































































































Parameter Symbol — 4 : ze ce Units | Notes 
| Min Min} Max | Min} Max | Min| Max 
Row address hold time tRAH 10 10 10 10 ns 
Column address set-up time tasc 0 0 0 0 ns 
Column address hold time {CAH 10 10 15 15 ns 
Column address hold time referenced to RAS taR 40 45 55 60 | ns 6 
Column address to RAS lead time tRAL 25 30 35 | 40 ns 
Read command set-up time tRCS 0 0 0 0 ns 
| Read command hold time referenced to CAS tRCH | 0 0 0 0 ns 9 
Read command hold time referenced to RAS tRRH | 0 0 0 0 ns 
Write command hold time tWCH 10 10 15 15 ns 
Write command hold time referenced to RAS twcr | 40 45 55 60 ns 6 
Write command pulse width twp 10 10 15 15 ns 
Write command to RAS lead time trwL | 15 15 20 20 ns 
Write command to CAS lead time tCWL al 13 15 | 20 20 ns 
Data set-up time L tps | 0 0 | 0 0 ns 10 
Data hold time tDH 10 10 15 15 ns 10 
Data hold time referenced to RAS toHR | 40 | | as] | ss] sdf | Ss] os | | 
Refresh period (Normal) ter | | 8d. 64 64 64| ms 
Refresh period (Low power & Self Ref) tree | | 128, 128 128 128| ms 
Refresh period (Super Low power) tREF ml 256 256 256 256 | ms 
Write command set-up time twcs 0 0 0 0 ns 8 
CAS to W delay time town | 36 40 50 50 ns 8 
RAS to W delay time trwo | 73 85 | 100 110 ns 8 
Column address to W delay time tAWD 48 55 65 70 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR | 10 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tcuR | 10 10 15 15 ns 
RAS to CAS precharge time |_ tRPC 5 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tepr | 20] 20 30 30 ns 
Access time from CAS precharge tCPA 30 35 40 45] ns 3 
Fast Page mode cycle time tPc | 35 40 45 50 nm | | 
Fast Page mode read-modify-write cycle time tprwc| 76 85 100 105 ns 
CAS precharge time (Fast Page mode) tcp 10 10 10 ns 
RAS pulse width(Fast Page mode) trasP | 50 | 200000} 60 200000) 70 | 200000| 80 | 200000| ns 
RAS hold time from CAS precharge trHcp | 30 35 40 45 ns 
OE access time tOEA 13 15 20 20| ns 
OE to data delay toe | 13 15 20 20 ns 
Output buffer turn off delay time from OE tOEZ 0 13 0 15 0 20 0 20} ns 
OE command hold time tOEH 13 15 20 20 ns 
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AC CHARACTERISTICS (Continued) 





Write command set-up time (Test mode in) 














Write command hold time (Test mode in) 








W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 




















RAS pulse width (C-B-R self refresh) 










RAS precharge time (C-B-R self refresh) 
CAS hold time (C-B-R self refresh) 




















ns 

ns | 
10 ns | 
100 us | 15 
150 ns 15 

























































































TEST MODE CYCLE (Note.12) 
-5 -6 -7 -8 
Parameter Symbol Units | Notes 
Min}; Max | Min| Max | Min| Max | Min| Max 

Random read or write cycle time tRC 95 es. 115 135 155 ns 
Read-modify-write cycle time {_trwe 138 160 190 L oe ns 

Access time from RAS tRAC 55 65 75 85} ns | 3,4,11 
Access time from CAS tcac 20 25 25| ns | 3,4,5 
Access time from column address tAA 35 40 45) ns 3,11 
RAS pulse width tRAS 55 | 10,000] 65] 10,000) 75] 10,000} 85) 10,000} ns 

CAS pulse width tCAs 18 | 10,000) 20] 10,000} 25) 10,000} 25 10,000) ns 

RAS hold time th | 18| | 20 25 25 ns 

CAS hold time = tcsH | 55 65 75 85 ns 

Column address to RAS lead time tRAL 30 35 40 45 |_ns 

CAS to W delay time tewo | 41 45 55 55 ns | 8 
RAS to W delay time trwo | 78 90 105 115 ns 8 
Column address to W delay time taWD | 53 60 70 75 ns 8 
Fast Page mode cycle time tPc 40 45 50 55 ns 

Fast Page mode read-modify-write cycle time | tprwc} 81 90 105 110 ns | 

RAS pulse width (Fast Page Mode) trasP | 55 | 200,000) 65 | 200,000] 75 | 200,000; 85 | 200,000) ns 

Access time from CAS precharge {CPA 35 40 | 45 50| ns 3 
OE access time tOEA 18 [20 25 25| ns 

OE to data delay toep | 18 20 25 25 ns 

OE command hold time ns 
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NOTES 

1. An initial pause of 200us is required after power-up read-write cycle and the data output will contain 
followed by any 8 CBR or ROR cycles before the data read from the selected address. !f neither 
proper device operation is achieved. of the above conditions are satisfied, the condition 

2. ViH(min) and ViL(max) are reference levels for of the data out is indeterminate. — 
measuring timing of input signals. Transition times 9. Either tRcH or tRRH must be satisfied for a read 
are measured between ViH(min) and ViL(max) are cycle. ean 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

3. Measured with a load equivalent to 2 TTL loads leading edge in early write cycles and to the W 
and 100pF leading edge in read-write cycles. 

4. Operation within the trcp(max) limit insures that 11. Operation within the trad(max) limit insures that 
trRac(max) can be met. trcp(max) is specified as a trac(max) can be met. tRaD(max) is specified as a 
reference point only. If trcp is greater than the reference point only. If tRap is greater than the 
specified trcp(max) limit, then access time is specified trap(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

5. Assumes that tacp > tRCb (max). 12. These specifications are applied in the test mode. 

6. tar, twcr, tDHR are referenced to tRap(max). 13. In test mode read cycle, the value of trac, taa, tcac 

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VOH or VoL. cycles by adding the above value to the specified 

8. twcs, trwb, tcwo and tawp are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toEz(max) define the time at which 
data sheet as electric characteristics only. If twcs> the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voitage level. ~~ 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 
duration of the cycle. If tcwo>tcwp(min), tawo> within 64ms before and after self refresh, in order 
trwp(min) and tawp>tawp(min), then the cycle is a to meet refresh specification. 

TIMING DIAGRAMS 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY WRITE) 
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TIMING DIAGRAMS continued) 
READ-MODIFY-WRITE CYCLE 
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KM48C2000A/AL/ALL/ASL | CMOS DRAM 


TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
eae 


tRe 
tRASP 
RAS taR 


aes | trasH——_— 











torp | : 
|+— trcp-— top 


CAS ; \\ tcas : tcas——~ \ tcas [/ 
be tcsH ! tRAL 
tran || tcaH tasc || tcaH ee 

Ly "4G, ne YXVYY) YY) = | = YYYVYYYY) 

A yo ROW COLUMN X COLUMN ‘¥) X COLUMN 

BK AOD XK ROORESS KO Rennes AOA coonees OAK) 


‘trap 
a 






































































































































































WL Wi Lo L L 
Cll lie ate te 
a2 vaVavavaVavaravara’ - OI | VV XV III VV VAY 
w OT 1 NE SORA ie Vy 
= + LEKKI RRL VERRY ORY VYYYYVYYXVYY YX YX VIVA 
oe RRR RRNA KARR KK RK LK RII RA 
\ ee toH tos | | toy tos | tpH 
vavavaYa'e VIVAL A/V J JV\A/V 
001-006 | YX Baten KY TON: 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
as 7 ~ trasP =r = 
RAS 
| —— I 
| aa |+———tprwe ara — lsh 
|—~ tac tcas —— xe eae tcrP 
CAS tRAD \\ toas- // 
tRAH | 
tasr Ales ee esas |tasc he tRAL 
| CAH 
rm \/ VVVVV ¥ A/ VYV — VY TV/VVV VLVS/V/VA/ \/ 
A EOE kao KIN, noo KRY 05 KL Ree 
eel trwo | | | I | + tawL— 
es [— towo— H sal tcwo || towL ew | 
: er — 
| tawD Tl iwe AWD = ltwe It— tawo 1 ee 
— taa Ps . 6 a" = Ww 
OE 
DQ;-DQs 











xX] DON’T CARE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 





mae ViH— 
RAS 





ViL— 


Nese tRAH 
nA ow ano KXAN AXA XARA 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 














Viq— 





RAS 
Vi- 











mans ViH— 
CAS 
Vit— 


torr 
VuioH — ‘ 
DQ,-DQg Viiou = , OPEN een ee ce 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 







RAS Vin 
Vit — 
= ViH — YY X\ 
LCAS Wipe: A CAY 
DQ,-DQg = - OPEN 


XX DON’T CARE 


<= 
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CMOS DRAM 





TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 


trac 


tre 
















































es tras tre tRAS tre 
—— ViH— 
RAS tar 
Vit— 
tore I |. —-- trob = trsH tcHR 
tasr iH al [ BL 
Vin- K\ + AIVYVVV VOY VV VY VV YY VV VV VV 
» ce AUR BREW SRS DOAN XKNARXXXXKO KOO KNAXXIIY 
; tres m7 tRRH 
= Vin— YAWYYVVVq II AIV VV VV VV VV VV VV VY 
Waa RYT CAAA XARA 
a Vin AAAAIVVYVVVV VV VY | WV VYVVVV VV VY VY VVV/ 
Bs KASSON URS OXKXXXXXKKAXKK 
torr 
DQ,-DQs YOHT 








VALID DATA-OUT y 










































7 Vip— 

Vit— 
= Vin— YYOYVVVY 
Fe RON 
_ Vie~ VAIIVVYVVYV 
Fn RRR 
coon RIN 





RX KXX NAR RXR RK 























OMNI 


LN 






YYYVYYV VYV VYV YY YV VV VY YY VY YY 
ENS 


(VAN LZ\ 








(x 








TNO NINN 











[Xxoon cane 








ol 
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KM48C2000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS 6 ontinueq) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 








— Vip— 
RAS 
Vit— 








tRSH 


+ tCHR tcpT— 


Viq— 
Si ad | [| 
Vi— 


tRAL 








tas 
£ tcaH 


























: ViH— AAMAS VARA AAANAANAAASY ANYWAY AAAAA\AAA/VV/VYVA/VV 

; 1 AAR Aoomess DA Ri 
— tcac ——| ia 
nat Vip— YA A AAAASYA/WAAAAA/V¥ | MANA/\/ 
w ve YY YY 
<= Vip— VYVVVVYYVYWVV\A ASV VY ADJ /VYV\A/ DADA AIAIIA,AIVVYV 
OE ie OKRA Onan, 
toz | a torr 
DQ,-DQ, aes a GEN \) VALID DATA-OUT 
WRITE CYCLE eee 
irene Gal 

= ViH— MAAN AAMAAIAAAA/S/A/WMA itwos _ WOH IVWVVVVVYYVJYV VV AV /VV VV 
w ie OYA ARIK 


tbH 





VIH— 




















DQ,-DQs —_ Ss OPEN ( VALID DATA-IN , 
tow. 
READ-MODIFY-WRITE tawo a ee 
RCS | | 4tewp uel 

ta! Vin— RARVYAVYVWVVWVVVO VV we | AAWVVAIAVVYWVY 
Ww 1 WOR tone AYYXXX KRY) 

taa a] 
at Vie— ARAWIYYIVYASVYAAYYYVYVV VY VV V\ [HOE 
Fn WORK |/ toe 

toez tps| | toH 











toiz A | 
VuoH— V OT VALID 
DQ,-DQ p— XX) ) 
Ie Vuot— X) {¥\_ DATA-IN 
VALID __/ 
DATA-OUT 


KX DON’T CARE 
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KM48C2000A/AL/ALL/ASL | CMOS DRAM 





PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 0.027(0.69) 
0.730(18.54) | MIN 
eee eee eee 


| 
ll 
ao1s.4n) | | 0.050(1.27) 
0.020(0.51) TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 






















0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 
0.365(9.27) 
0.375(9.53) 
0.435(11.05) 
0.445(11.30) 








| 


0.140(3.56) 
0.148(3.76) 














oO 0.004(0.1) 








0.050(1.27) 
MAX 





0.740 (18.80) 0.03 © mee 80) 









0.402 (10.21) 
0.459 (11.66) 
0.466 (11.86) 





Q.398 (10.11) 
0.423 (10.76) 








0.037 (0.95) 
0.726 (18.46) 0.041 {0.041 (1.08) 05) 


0.005 |__ 0.008 10.13 13) 
"0.722 (18.36) — 0.008 (0.20) 








(Sl oo wax] 


0.037 (0.95) 0.048 (1.22) a Bai 0.016 (0. wo) 
0.052 (1.32) 0.020 (0.50) 


0.016 (0.40) 
0.024 (0.60) 
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KM48C2100A/AL/ALL/ASL 


CMOS DRAM 





2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 





tRAC tcac | tre 

KM48C2100A/AL/ALL/ASL-5 | 50ns 18ns 90ns 
KM48C2100A/AL/ALL/ASL-6 | 60ns 15ns_ | 110ns 
KM48C2100A/AL/ALL/ASL-7 | 70Ons 20ns | 130ns 
KM48C2100A/AL/ALL/ASL-8 | 80ns 20ns | 150ns 





























» Fast Page Mode operation 

« Byte Read/Write operation 

+ CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early write or output enable controlled write 

« Double+5.0V+ 10% power supply 

* 2048 cycies/32ms refresh (Normal) 

« 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

« Available in plastic SOJ and TSOPi(Il) 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 





GENERAL DESCRIPTION 


The Samsung KM48C2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48C2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48C2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Ves Generator 


Vcc 
















Refresh Timer 
pe =) 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 









AO~A10 





AQ~A9Q 


Row Decoder 


Memory Array 
2,097,152 x 8 


Column Decoder 









Data in 
Buffer 









Cells 


Sense Amps & |O 











Data out 
Buffer 
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KM48C2100A/AL/ALL/ASL 


CMOS DRAM 





PIN CONFIGURATION (top views) 


* KM48C2100 AJ/ALJ/ALLJ/ASLJ 





* KM48C2100 AT/ALT/ALLT/ASLT 


1 
2 
3 
4 
5 
6 
7 
8 
9 


° 


* KM48C2100 ATR/ALTR/ALLTR/ASLTR 






































Pin Name Pin Function 
Ao-A10 Address Inputs 

DQ1~8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
Ww Read/Write Input 

OE Data Output Enable 
Vcc Power(+5V) 











aaah 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 





ABSOLUTE MAXIMUM RATINGS 











Parameter 


Voltage on Any Pin Relative to Vss 





Symbol 





Vin, VOUT 


-1 to + 7.0 



























Short Circuit Output Current 


* 









los 





50 





Voltage on Vcc Supply Relative to Vss Vcc -1to + 7.0 Vv 
Storage Temperature Tstg [ -55 to + 150 °C 
Power Dissipation Pp 1 W 








Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 
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Parameter Symbol! 
Supply Voltage 
Ground Vss 
Input High Voltage VIH 2.4 = Vec +1 
Input Low Voltage 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
KM48C2100A/AL/ALL/ASL-5 110 mA 
Operating Current* KM48C2100A/AL/ALL/ASL-6 ies - 100 mA 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 80 mA 
KM48C2100A 2 mA 
Standby Current KM48C2100AL ‘cess 7 1 mA 
(RAS=CAS=W=V ) KM48C2100ALL 1 mA 
KM48C2100ASL 1 mA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
RAS-Only Refresh Current* KM48C2100A/AL/ALL/ASL-6 ised 7 100 mA 
(CAS=Vin, RAS Cycling @ trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 80 mA 
KM48C2100A/AL/ALL/ASL-5 90 mA 
Fast Page Mode Current* KM48C2100A/AL/ALL/ASL-6 iaea 7 80 mA 
(RAS=ViL, CAS, Address Cycling @ tec=min.) KM48C2100A/AL/ALL/ASL-7 70 mA 
KM48C2100A/AL/ALL/ASL-8 60 mA 
KM48C2100A 1 mA 
Standby Current KM48C2100AL ise : 300 uA 
(RAS=CAS=W=Vcc-0.2V) KM48C2100ALL 200 LA 
KM48C2100ASL 200 BA 
KM48C2100A/AL/ALL/ASL-5 110 mA 
CAS-Before-RAS Refresh Current* KM48C2100A/AL/ALL/ASL-6 (aes - 100 | mA 
(RAS and CAS Cycling @trc=min.) KM48C2100A/AL/ALL/ASL-7 90 mA 
KM48C2100A/AL/ALL/ASL-8 80 mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage(Vin}=Vcc-0.2V 
Input Low Voltage(ViL}=0.2V CAS=CAS-Before-RAS LOGE! Icc7 - abe an 
Cycling or 0.2V Din=Don't Care Trc=62.5¢S(L-Ver.) is 
125xS(SL-Ver.), Tras < 300ns 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continue) 


(Recommended operating conditions unless otherwise noted) 







Parameter 


Self Refresh Current 
RAS=CAS=0.2V 
W:=OE=Ao-A10=Vcc-0.2V or 0.2V 
DQ1-DQ8=Vcc-0.2V, 0.2V or Open 





KM48C2100ALL Iccs - 300 HA 


L Bo slea 
Input Leakage Current lw -10 10 A 
(Any input 0< Vin <Vcc+0.5V, all other-pins not under test=0 volts.) B 
Output Leakage Current 























low -10 10 A 
(Data out is disabled, OV<VoutT<Vcc) ” . 
Output High Voltage Level (loH=-5mA) VOH 2.4 - V 
Output Low Voltage Level (loL=4.2mA) Vot - 0.4 Vv 




















*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta-25°c, Voc=sv, f=1MHz) 

















































































































Parameter 

Input Capacitance (Ao~A10) 

Input Capacitance (RAS, CAS, W, OE) 

Input Capacitance (DQ1-DQs) 

AC CHARACTERISTICS °c <1a<70°C, Vec=5.0V+ 10%, See notes 1,2) 
-5 -6 -7 -8 
Parameter Symbol 7 Units | Notes 
Min| Max | Min} Max | Min| Max | Min| Max 
Random read or write cycle time tRC 90 110 el 150 ns 
Read-modify-write cycle time trwc | 133 155 185 205 ns 
as + oe 
Access time from RAS tRAC 50 60 70 80} ns | 34,11 
a ae 
Access time from CAS tCAC 13 15 20 20] ns | 3,4,5 
a + ——t 
Access time from column address a5) tAA 25 30 35 40| ns 3,11 | 
CAS to output in Low-Z tcLz 0 0 0 0 ns 3 
es 
Output buffer turn-off delay tOFF 0 13 0 15 0 20 0 20) ns. 7 
Transition time (rise and fall) tT 3 50 3 50 3 50 3 50| ns 2 
| 

RAS precharge time tRP 30 ie 50 60 ns 
RAS pulse width tras | 50} 10,000 : 10,000 | 70 | 10,000 | 80) 10,000; ns 
RAS hold time tAsH | 13 20 20 ns 
CAS hold time tesH | 50 70 80 = ns 
CAS pulse width tcas 5 10,000 ra 10,000 | 20 | 10,000 | 20) 10,000] ns 
RAS to CAS delay time trcp | 20 20 50 | 20 60} ns 4 
RAS to column address delay time tRAD 15 rs ‘I 15 35} 15 40 | ns 11 
CAS to RAS precharge time |_ tore 5 5 5 ns 
Row address set-up time tASR 0 -s 0 0 a ns 
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AC CHARACTERISTICS (continued) 












































































































































-5 -6 -7 -8 
Parameter Symbol ie Units | Notes 
Min| Max | Min] Max | Min| Max | Min) Max 
Row address hold time tRAH 10 10 10 10 _| ns 
; ol T f— 
Column address set-up time tasc 0 0 att 0 0 ns 
Column address hold time tCAH 10 10 15 Ie it 15 ns | 
Column address hold time referenced to RAS taR 40 45 55 60 ie 6 
Column address to RAS lead time tral | 25 30 35 40 ns 
Read command set-up time tRCS 0 0 0 0 | ns 
| Read command hold time referenced to CAS tron | 0 0| 0 o| ns 9 | 
Read command hold time referenced to RAS tRRH 0 0 0 0 ns 
Write command hold time tWCH 10 10 15 | = 15 ns 
Write command hold time referenced to RAS twer | 40 45 55 60 ns 6 
Write command pulse width twp 10 10 | 1 15 ns 
Write command to RAS lead time tawe | 15 15 20 {| 20 EG ns 
| Write command to CAS lead time tow. | 13 15 20 20 ) ns 
Data set-up time tos 0 0 0 0 ns | 10 
earn f— | 
Data hold time {DH 10 10 15 15 ns 10 
Data hold time referenced to RAS tDHR 40 st 45 55 60 ns 6 
Refresh period (Normal) tREF 32 32 32| ms 
Refresh period (Low power & Self Ref.) tREF 128 128 128) ms 
Refresh period (Super Low power) tREF | | 2s6| 256 256 256 | ms 
Write command set-up time twcs 0 0 0 0 ns 8 
CAS to W delay time tcwo | 36 40 50 50 | _ns 8 
RAS to W delay time trwo | 73 85 100 | 110 ns 8 
= T 
Column address to W delay time tAWD 48 56 65 70 | ns 8 
CAS set-up time (CAS-before-RAS refresh) tesa | 10 10 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tcHR | 10 10, 15 15 |_fs 
RAS to CAS precharge time tRPC 5 5 5 5 | ns 
CAS precharge time (C-B-R counter test cycle) tcpt | 20 20 ii. 30 30 | _ns 
Access time from CAS precharge _|_ tora 30 a 36 | | 40 45| ns | 3 
Fast Page mode cycle time |_ tec 35 40 45 50 i ns 
Fast Page mode read-modify-write cycle time tprwc| 76 85 Le 100 105 ns if 
| CAS precharge time (Fast Page mode) tcp 10 10 10 10 [ns 
RAS pulse width(Fast Page mode) tRASP 4 50 | 200000} 60 | 200000| 70 | 200000; 80 | 200000/ ns | 
RAS hold time from CAS precharge tec | 30 35 | 40} | 45] | ns 
OE access time tOEA 13 15 peat 20| ns 
OE to data delay toeD | 13 15 20 20 ns 
= t t— — t 7 
Output buffer turn off delay time from OE tOEz 0 13; 0 15 0 20 0 20] ns 
—F 
OE command hold time toeH | 13 15 20 20 ns 
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AC CHARACTERISTICS (continued) 








[_ -5 -6 -7 “8 
Parameter Symbol 
Min| Max | Min} Max | Min] Max | Min| Max 


Write command set-up time (Test mode in) we 10 10) 10 mua ns 

Write command hold time (Test mode in) tWTH 10 10 mie 10 _ | 10 al 7] 
W to RAS precharge time (C-B-R refresh) _ earls 10 10 10 10 | ns 
W to RAS hold time (C-B-R refresh) twrH | 10 rt go] | 10 10 ns 


Units | Notes 






































































































































RAS pulse width (C-B-R self refresh) tRASS } 100] | 100 100 100 US 15 
RAS precharge time (C-B-R self refresh) tres _| 90 130 [es 150] | 15 
CAS hold time (C-B-R self refresh) tcxs | -50 -50 -50 -50 ns 15 
TEST MODE CYCLE (Note 12) 
Parameter Symbol = a —- : : ie Units | Notes 
Max | Min| Max | Min| Max 
Random read or write cycle time tRC 135 155 ns 
Read-modify-write cycle time tRWC 190 210 ns 
Access time from RAS | tras ‘aif 65 75 iz a5] ns | 3,4,1 1 | 
Access time from CAS a tow | 20} |_| 25} ns | 34,5 
Access time from column address tAA |__35 40 | 45; ns 3,11 
RAS pulse width tRAS 10,000 10000 | _ 75 | 10,000 85 | 10,000| ns 
| GAS pulse width igen 10,000} 25 10,000) 25/ 10,000 a 
RAS hold time tRSH 25 25 | ns 
CAS hold time eo | 75] | 25 | ws | 
Column address to RAS lead time |_tRAL 40 45 ns 
CAS to W delay time tcwo 55 eee a ns 8 
RAS to W delay time tRwD ia 105 115 ns | 8 | 
Column address to W delay time tawD 70 75 ns 8 
Fast Page mode cycle time ~ | tPC I 50 L “I 55 | L fe | 
Fast Page mode read-modify-write cycle time tPRWC z 105 Ade ak | 
RAS pulse width (Fast Page Mode) tRASP 200,000} 75 | 200,000} 85 | 200,000/ ns 
sic time from CAS precharge _{_tepa 40 ail 45| i 50 ns | 3 ae 
OE access time tOEA 20 25 25} ns 
OE to data delay toeD 25 25 ns 
OE command hold time tOEH 25 25 ns 
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KM48C2100A/AL/ALL/ASL 


NOTES 


1. An initial pause of 2004s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

. ViH(min) and Vit(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 

. Measured with a load equivalent to 2 TTL loads 
and 100pF 

. Operation within the tRcp(max) limit insures that 
trRac(max) can be met. tRcD(max) is specified as a 
reference point only. If tacb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tRCcp > trop (max). 

. tar, twcr, tDHR are referenced to tRAD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to Vou or VoL. 


CMOS DRAM 





read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 


. These parameters are referenced to the CAS 


leading edge in early write cycles and to the W 
leading edge in read-write cycles. 


. Operation within the tRAD(max) limit insures that 


trac(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRap(max) limit, then access time is 
controlled by taa. 


. These specifications are applied in the test mode. 
. In test mode read cycle, the value of tRAC, taa, tcAc 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 


8. twcs, tawb, tcwp and tawp are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. toFF(max) and toEz(max) define the time at which 
data sheet as electric characteristics only. If twcs > the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 2048 cycle of burst refresh must be executed 
duration of the cycle. If tcwo>tcwo(min), tawo> within 32ms before and after self refresh, in order 


tRwo(min) and tawp >tawo(min), then the cycle is a to meet refresh specification. 


TIMING DIAGRAMS 






























































































































READ CYCLE 
mse 
— Viq— 
CAS ViL— 

Viq— IAI YYW I VW VY VV VY V/V v 
: vn 2 Nan XY) 

tRCH 
ie IIA Vg Ja"ata¥a’a¥aa¥a’aa’aya’a"a'a’ayara’a’ 

w Me ORE teow 1 | XXX 

Vie VAI IV AKA AAV VY I YY YWVYYW${YPYYVYV VP 
= ae KOON KKK RAK 
DQ,-DQz aos OPEN 








KX) DON'T CARE 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 
fess 



















































































tre 
= a — tras 4 tap 
RAS tar 
Vit— 
tore | [oe trcp = tRSH | 
Soe Vin— 
a ie Yew RA ef 
tAsR tasc Pca eS 
A Vin— UXXYKKK XR ROW (X) COLUMN OYYYXKX KX XX KKK RRR KKK REY 
vi ARM roars SORES PKK RN 
t= tRAD 
twos | =e iz 
= Vip— FVYVYVYVVYVYOVY vAVAVAWavAYAVWAVVa¥.VaVaVaVa’ AV AYA AVAVAVA‘AVAVAVAVAVAVAVAVAT.D 
e vi SAXON "TOSS XX 
— 4twor 
tRWL —] 
ae AT" el nV AY AVAVAYAY AYA’ @'B° AVA AAT ATAVAVAVAYATAYAYAVAVAVAVAV.V.W_V_V.VAVA' A‘ AV AUAVAVA’AVAVAVAV A YAVAVAVAVAW.WAVAVATAY TOC 
Vii RARER RK KK RK RARER KY KR RR 
tpHR 
tos ea ‘ toH 
DQ,-DQ, ee {VALID DATAIN OPEN 
WRITE CYCLE (OE CONTROLLED WRITE) 
SS tre 
is tras tre 
HS ViH— tar 
Vii— 
= tcsH 
| torr | ie ees 
— Vin— 
vie ViL— Le trap \ \ . {| 
tasr | | tray = a RAL 
Vip— WIVYVVV OI AAAIYVVYVVV VV VY V VV VV VV 
A Vi ROX BBhess PK _cooaesS _EOORRRRKKRY 
towr 
tRwL—— 
me Vi FIAT AAA AAPA IRTP TATA AT Ava AY AVAVA’Avavata’a’aava’a’a’ava’ava’avay, 
: vn — XXXXXX KRY KKXKXXAY NS eSB ARXY XN RKAXKXXXXNXY 
\toen 
pee Viu— AIAIVIVQRIVIV0UN OV = 7,aVaValaValaa¥aVaVaVala AVA VaVaVal av aVavaVavsVavavav ava’, 
oe We REXXAR RYY RXR KKK XEN 
tou 
Vin— LAJ/VVVVV CPJ VVVVVVVVVVVVYVYVYYVYYVYVVY 
cb ape CK vaio parain YA NYY RX 


KX DON’T CARE 
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TIMING DIAGRAMS (continued) 
READ-MODIFY-WRITE CYCLE 





















































— ViH— 
RAS Vices 
CAS Viq- 
ViL— 
A vo FRO —) MXXAKXKAAHRSAA AXXO HEXEN ION 
Vit— ADDRESS XK XXXXXXAKAA XKXXXXKXXX XXXXK XY 
Ww Vin— | va"aVaVaVavaaVavalaW ale’, 
ve i A GRR RKX 
toEa 
= Vip— AYYWYVYYVYV/AIVVVYVYO VY YY 
Mi Vit— MY WY WY | toeD 
= tcac tos | | 
— = tpagct——— toez = tbH 
partes. <"H | “ RE VALID AY TAL WXKKRRL KKK KKKKKRY) 
FOO ie = Damour RR Darin DORKS 


FAST PAGE MODE READ CYCLE 




























































tre 
I trasp — 
Vit— 
t truce _ 
tcrP Pe =: j—— tRSH—=4 
r—— trcp tcp 
CAS _ \\ chs tcas t= tcas { / 
IL 
tRaD inan ee 
t tRaH _tasc__ | _'CAH tCAH tasc] | tcaH 
vn RR pe aot pre arate coc RRR PER 
? Vi ROX A00 FRR. RB RECS AYYYYX Aooress KNWRK aoness MRK KKK) 
Ww Vin~ SRXRKY wee coll ayy ae TRERRRRY 
ViL— AXXKXXX\ l, ¢ tRRH if XXX XX 
taa—4 taa—— 
‘CPA 
toEA toEA 
faa Vin- RYVYVYUVYVV VY Tay, “av. VaaValsVa¥, RXV VVWYYY) YY VYSAS//YV/ 
OF Vi XN | ARN | ARN | RRR 
t= trac ta torr 
aw oie 














‘o 


tcLz ey 
, VALID VALID VALID 
DQ:-Qs vere " DATA-OUTJ UY DATA-OUT) ‘) DATA-OUT 


XX DON’T CARE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
































































































































































































tRasP pe eli 
RAS taR———_— 
torp —_ ead i tec 77 | |. tas 
CAS \\ tcas \ tcas—— i saicee 7 ae 
he i tRAH | ice tasc || tcaH | Pe 
a = ASC. || tasc {CAH 
ee ., YY ROW > AY COLUMN YXXXKXAY COLUMN XXX) (XX) in XX XYKYY) 
YA A0D FY Avoress AXXYXWA ADDREss ACXKYXMA ADDRESS WX YXY) OOO 
+ tRAD 
B | aa twes ene 
- twos 
= VA VAVAvAVAVAVAVAVAY, VIVVUY TA | | | twee WIV VV VV 
w PSN ANNYYYX OYA Tm YO) 
Se TKK RIK KORA RRA VY AN XR XAAVYYY I VWAAVYVYV VY FIV VVVVVVVYVA\/VVV 
OE RRR ERR NRK ROR RL RK LARLY RY 
me toH . tos | | toH tos | tbH 
srayara'é AAAI AAA AAIT 
D000, AM XY) 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
as trasp - 4 “re 
RAS” \ 
| | 
ne om _ --—_————-tprwec = 
CAS 
tasR 
IVVVVVV VY VV YYAVAYY VY VVVVY 
: YYXXXXXK KX RXKXK LKR ERR REK 
w RY 
OE 
DQ,-DQs 
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KM48C2100A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS 6 continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 








Vip— 





RAS ee 


ae ViH— 
CAS 





Vit— 


n AIAN now ano WIXI OOOO 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 





















ee Vin— 
RAS 

Vit— 

Vip— 
CAS 

Vit— 


| toFF 
Viiow — 
DQ,-DQg, View ; OPEN rer NS 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


RAS Vin 
Vit — 
— Vin — 

LCAS 

Vit— 
Vv — 

pa,-pa, om 
VoL — 
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TIMING DIAGRAMS (continued) 
HIDDEN REFRESH CYCLE (READ) 





























tre 
tras 
Vip— 
RAS tar stl 
ViL— 
tcorp i trop tRSH 
sas ViH— 
Vit— tRaD 
tasc + -- 
tasr tRAH 
vin~ VAM now WA\ 9 
f} COLUMN 
: NY CD Ny Ee 
tres 
Vin— 
Ww 1H LOX 
vi— XXX XX XXX) ties 
VIH— IKARIA 
OE OXKXXXXAAXXXAKAA) 
ee Vi- OQ XX WV\ OX A 
DQ1-DQs Vou— 








HIDDEN REFRESH CYCLE (WRITE) 
ba t 


TITAUGAMTATANTETa aT 
XY NY Wy 






tre 


tras tre 





tcHR 


ESA RIXXANEXXXINY) 


£\ 
tRRH 


A/V/VVYV VWV/VVVVVV ¥ VYWVYVVVVVVYV VV JVYW\/V/¥ 
WARK SOKX 


V 


VA/VVVVVVVY 
A XXXXXXAKK 





VYVV/YV\A/ 
iy 








tras 

























































































— tre 
ViH— AIIYVYVYY YY YY VV VYVYYYY YVYV 
ae QR KKK KKK 
we Vin— WYVYVAYVYY YYVYVYY AAAI VV YY VY 
ee ROY ESR KKK 
FE RK KR RR RR 
von oY RMN 
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KM48C2100A/AL/ALL/AS CMOS DRAM 





TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 




















































































- ee RAS p= "RP 
RAS 

Vit— 

old tcHR topT 

May, Viq— 
CAS ie 

ViH— AAJ VAD AAANAANAAAA/V MAI W\AAS/Y\ AAAAAAAA/YV/Y VS/VV 
; Fn ROR RR RNR) RR 
READ CYCLE se nes 
_ ViH— YA AAAA/SYVA/ YA AAA/\/V/9 | VXKYYY 
RNY UCANAUSUAONNUANUNNN + nL} | SO 

Vip— VYVVVVYYVVVYA ASV VY AD AAV YV\A/ 
oe Vie RRA 

Von— 
DQ,-DQg Vic OPEN 
WRITE CYCLE af 
—_ Vin— A, AA,ALALASAAAA/VVY VV VV JAYYJJIA/AA/VYV/ 
w vie KY ARR) 




















VV V VY 













































































Vit— 
| tos 

Vin— 
DQ,-DQs, Noes ees OPEN 
READ-MODIFY-WRITE 
_ Vip— AAKASAPAAMAAAAAAAIVYVVG twe AIM A/VVJVY 
Ww si TOY KAN) 

t-——- tana 
i Vip— AAWVYVYYAVYYVVIVVVY YY VY VY [toca 
OE Vie KERR RRR KA 
D000 io OX, | 
DATA.OUT 


kX DON’T CARE 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
0.730(18.54) | | 
OO oo a a a ea oo ca 


0.027(0.69) 


















0.365(9.27) 

0.375(9.53) 
0.435(11.05) 
0.445(11.30) 





0.395(10.03) 
0.405(10.29) 
0.008(0.20) 
0.012(0.30) 

















= 


0.140(3.56) 
0.148(3.76) 





LILIJLILICLJICIJLICILCIJCICS 
0.026(0.66) 
0.032(0.81) 









Sle 00a 7 






0.050(1.27) 
MAX 





0.016(0.41 | 0.050(1.27) 
0.020(0. oF TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 


0.740 (18.80) 0.03 (0. ee 
















=n 4 © | 
o[o o bat] (pa 
=le — =lE 
= |= = S| 
olin | 
alo 8 0/6 
3 |< 3 Babs 
clo So alo 











0.005 | _ 0.008 10:13 13) 


0.722 (18.36) 60ay Oss) 0.008 (0.20) 
(0.726 (18.46) ave [0044 (1.08) 05) 
A ee 





0.08 MAX 


0.037 (0.95) | 0.048 (1.22) | | 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 





0.016 (0.40) | 
0.024 (0.60) 
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KM41V16000A/AL/ALL/ASL 


CMOS DRAM 





16M x1 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


« Performance range: 





KM41V16000A/AL/ALL/ASL-7 





KM41V16000A/AL/ALL/ASL-8 





« Fast Page Mode operation 

- CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

- Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

* Common I/O using Early Write 

« Double+3.3V+0.3V power supply 

« 4096 cycles/64ms refresh(Normal) 

« 4096 cycles/128ms refresh(Low power & Self Ref.) 
+ 4096 cycles/256ms refresh(Super Low power) 

« JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


Control 
Clocks 





GENERAL DESCRIPTION 


’ The Samsung KM41V16000A/AL/ALL/ASL is a high 


speed CMOS 16,777,216 bitx 1 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM41V16000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM41V16000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 


Ves Generator 








Refresh Timer 
po sy 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 

















AO~A11 


Row Decoder 


Memory Array 
16,777,216 x1 
Cells 






_ Column Decoder 















Data in 
Buffer 














Sense Amps & !O 







Data out 
Buffer 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (top views) 


* KM41V16000 AJ/ALJ/ALLJ/ASLJ = - KM41V16000 AT/ALT/ALLT/ASLT + KM41V16000 ATR/ALTR/ALLTR/ASLTR 
/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 


Vss Vss Vss 


N.C 
CAS 


N.C N.C 
CAS CAS 





J: 400MIL T : 400MIL(Forward) TR : 400MiL(Reverse) 


























K : 300MIL S : 8300MIL(Forward) SR : 300MIL(Reverse) 
Pin Name Pin Function 
Ao-A11 Address Inputs 
D Data In 
Q Data Out 
RAS Row Address Strobe 
CAS Column Address Strobe 
Ww Read/Mrite Input 
Vcc Power(+3.3V) 

Vop Ground 
N.C. No connection 
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ABSOLUTE MAXIMUM RATINGS 








Parameter 





-0.5 ~ 4.6 





Vin, Vout 





Voltage on Any Pin Relative to Vss 











Voltage on Vpp Supply Relative to Vss Vpb | -0.5 ~ 4.6 | V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 

















Short Circuit Output Current los 50 

















* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 






Parameter 


Supply Voltage 3.6 



































Ground Vss 0 0 0 V 
Input High Voltage VIH 2.0 _ VoD + 0.3 V 
Input Low Voltage 0.8 V 






















































DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
Seeaiee Gwent KM41V16000A/AL/ALL/ASL-6 80 mA 
ARS es pees KM41V16000V/AL/AL/ASL-7 | — Icct : 70 | mA 
Yass KM41V16000A/AL/ALLIASL-8 | 60 | mA 
KM41V16000A 2 mA 
Standby Current KM41V16000AL 1s : 1 mA 
(RAS=CAS=W=Vu ) KM41V16000ALL 1 mA 
KM41V16000ASL 1 mA 
a ‘ KM41V16000A/AL/ALL/ASL-6 80 mA 
chs ans at KM41V16000/AVALU/ASL-7 j ccs | - | 70 | mA 
esses ven" aye KM41V16000A/AL/ALL/ASL-8 60 mA 
East Pace Mode Current’ KM41V16000A/AL/ALL/ASL-6 70 mA 
are CAS. Address Cycling @peeinin} KM41V16000A/AL/ALL/ASL-7 Ica - 60 | mA 
cia, i ds a a KM41V16000/AL/ALL/ASL-8 50 | mA 
KM41V16000A 1 mA 
Standby Current KM41V16000AL ee : 300 HA 
(RAS=CAS=W=Vpp-0.2V) KM41V16000ALL 200 | vA 
| ei 6000ASL 200 HA 
———— 
—_— axe : KM41V16000A/AL/ALL/ASL-6 80 mA 
GAS and GAB Gyaing atrecein) KMAIVIG000N/AL/ALASL-7 | ccs | - | 70 | mA 
vee eee KM41V16000A/AL/ALL/ASL-8 60 mA 
nas 2 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vit}=Vo0-0.20 KM41V/16000AL 450 ih 
Input Low Voltage (Vit}=0.2V CAS=CAS-Before-RAS Cycling KM41\V16000ASL Icc7 - 350 A 
or 0.2V Din=Don't Care Tac=31.25S(L-Ver) . 
62.54S(SL-Ver.), TRas=TRAS min.~300ns 
4. — + 
Self Refresh Current 
RAS=CAS=0.2V 
WeOE=Ao-A11=Vop-0.2V or 0.2V KM41V16000ALL Iccs - 250 HA 
D, Q=Vpp-0.2V, 0.2V or Open 




















<I 


ELECTRONICS 


KM41V16000A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (ontinuea) 


(Recommended operating conditions unless otherwise noted) 























Parameter Symbol| Min | Max | Units 
Input Leakage Current 
| (Any input O< Vin <Vo0D+0.3V, all other pins not under test=0 volts.) I 10 1¢ wR 
Caen <VouT < Vbb) lou) aw be aa 
Output High Voltage Level (loH=-2mA) i VoH 2.4 - Vv 
Output Low Voltage Level (loL.=2mA) VoL - 0.4 Vv 











*NOTE: Icc1, Icc3, lcc4 and Icceé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE 1a=25°c, vop=3.3V, f= 1MHz) 




























































Parameter Symbol 
Input Capacitance (D) 7 
Input Capacitance (Ao-A11) CiN2 - 6 pF 
Input Capacitance (RAS, CAS, W) Cin3 - te pF 
Input Capacitance (Q) Cout - 7 pF 
AC CHARACTERISTICS (0°c <Ta<70°C, Von=3.3V+0.3V, See notes 1,2): 
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 
-6 -7 -8 
Parameter Symbol -———— Units | Notes 
| Min | Max | Min | Max | Min| Max 
Random read or write cycle time a 130 150 | ns ime 
Read-modify-write cycle time 185 205; ns | 
Access time from RAS 60 70 80} ns | 34,11 
Access time from CAS 15 20 20} ns | 3,45 
: 7 at 
Access time from column address 30 | 35 40| ns 3,11 
CAS to output in Low-Z 5 5 ns 3 





— 
15 0 20 0 20| ns 7 


50; 3{| 50; 3); 50] ns | 2 


Output buffer turn-off delay 





Transition time (rise and fall) 




































































RAS precharge time 50 di 60 ns 
RAS pulse width 10,000 70 | 10,000 80 | 10,000 es ns 
RAS hold time 20 20 ns 
CAS hold time 70| 80 ns { 
CAS pulse width 10,000 | 20 | 10,000 | 20 10,000; ns | _ 
RAS to CAS delay time 45} 20 50] 20 60; ns 4 
RAS to column address delay time 30 15 35 15 40; ns 11 
PAG Daa oh 2 i . 
CAS to RAS precharge time 5 5 ns 
84 
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AC CHARACTERISTICS (Continued) 









































































































































‘mba -6 “7 -8 

Parameter Units; Notes 
Min |. Max | Min; Max | Min| Max 

Row address set-up time tASR 0 0 ’ 0 ns 

Row address hold time tRAH 10 | 10 10 ns 

Column address set-up time tasc 0 0 0 r ns 

Column address hold time tCAH 10 [ 15 15 ns 

Column address hold time referenced to RAS tar 45 55 60 ns 6 
Column address to RAS lead time tRAL 30 i 35 40 ns 

Read command set-up time tRCS 0 0 0 ns_| 
Read command hold time referenced to CAS tRCH 0 0 0 ns 9 
Read command hold time referenced to RAS tRRH 0 | 0 0 be ns; 9 
Write command hold time twcH 10 15 | L 15 ns 

Write command hold time referenced to RAS twcr 45 | 55 60 ns 6 
Write command pulse width twe 10 15 15 | ns 

Write command to RAS lead time tRWL 15 20 | 20] ns 

Write command to CAS lead time | tCWL 15 20 20 ns 

Data set-up time tbs 0 0 0 ns 10 
Data hold time tDH 10 15 15 ns 10 
Data hold time referenced to RAS tDHR 55 60 ns | 6 
Refresh period (Normal) ter | | 64 64 64| ms 

Refresh period (Low power & self Ref.) tREF | | 128 128 128; ms 
Refresh period (Super Low power) tREF | | 256 256 256; ms 

Write command set-up time twcs | o| 0 0 ns 8 
CAS to W delay time tcwo | 15 20 | | 20 ns 8 
RAS to W delay time tRwD 60 70 | 80] ns 8 
Column address to W delay time tawD 30 35 40 ns 8 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 10 |_ns 

CAS hold time (CAS-before-RAS refresh) |_tcHR 10 | 15 15| . ns 

RAS to CAS precharge time tRPC 5 5 5 ns | 

CAS precharge time (C-B-R counter test cycle) tcPT 20 30 L 30 ns 

Access time from CAS precharge tcPA | 35 40 45| ns | 3 
Fast Page mode cycle time tPc 40 45 | 50 ns 

Fast Page mode read-modify-write cycle time tprwe | 60 70 ths) ns 

CAS precharge time (Fast Page mode) tcp 10 10 10 | ns 

RAS pulse width (Fast Page mode) tRASP 60 | 200,000} 70 | 200,000; 80) 200,000; ns 

RAS hold time from CAS precharge tRHCP 35 40 45 ns 

Write command set-up time (Test mode in) twTs 10 10 | 10 | {| ns | 
Write command hold time (Test mode in) twTH 10 | 10 10 ns 

W to RAS precharge time (C-B-R refresh) twAP 10 10 10 ns | 
W to RAS hold time (C-B-R refresh) twWRH 10 10 10 ns | 

RAS pulse width (C-B-R refresh) trass | 100 100 | 100 (j HS 15 
RAS precharge time (C-B-R refresh) taps | 110 130 | 150 ns 15 
CAS hold time (C-B-R refresh) tcHs | -50) ~ -50 15 
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TEST MODE CYCLE (Note.12) 
-6 -7 -8 : 
Parameter eee ep I uae | ds Ma A Units | Notes 

Random read or write cycle time tRC 115 135 155 ns 
Read-modify-write cycle time trwc | 160 190 210 ns 

Access time from RAS tRAC 65 | 75 85} ns | 3,4,11 
Access time from CAS tcac 20 25 25! ns 3,4,5 
Access time from column address taA 35 40 45| ns 3,11 
RAS pulse width tRAS 65| 10,000} 75] 10,000) 85} 10,000} ns 

— ‘a 
CAS pulse width tcas 20} 10,000); 25); 10,000; 25) 10,000; ns 

RAS hold time tRSH 20 25 25 ns 

CAS hold time tCSH 65 75 85 ns 4 
Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwp 20 25 25 ns 8 
RAS to W delay time tRWD 65 75 85 ns 

Column address to W delay time 7 tawo 35 40 45 ns 8 
Fast Page mode cycle time tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time tpRwc} 65 78 80 ns 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000} 75] 200,000) 85/] 200,000} ns 

Access time from CAS precharge tCPA 40 45 50) ns 3 





NOTES 





1. An initial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 


proper device operation is achieved. 


2. ViH(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 


assumed to be 5ns for all inputs. 


3. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


4. Operation within the trcp(max) limit insures that 
tRAC(max) can be met. tRcD(max) is specified as a 
reference point only. If tacb is greater than the 
specified tRcp(max) limit, then access time is 


controlled exclusively by tcac. 
5. Assumes that tacb > trcb (max). 


o 


. taR, twcR, tOHR are referenced to tRaD(max). 


7. This parameter defines the time at which the 
output achieves the open circuit condition and is 


not referenced to VoH or VoL. 


8. twcs, tRwD, tcwDd and tawD are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcowo>tcwp(min), trwo > 
trawp(min) and tawp > tawo(min), then the cycle is a 























read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

. These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

. Operation within the trap(max) limit insures that 
tRAC(max) can be met. tRAD(max) is specified as a 
reference point only. If trap is greater than the 
specified tRAD(max) limit, then access time is 
controlled by taa. 

. These specifications are applied in the test mode. 


13. In test mode read cycle, the value of trac, taa, tcac 


is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

. toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. , 

. 4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 





Vin = tar 
Vii 


= = 
ere 


ms) 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
READ-WRITE/READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS continue) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don't care 
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CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (continueg) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


Viq — tras 


RAS 
Vi 
tcepT trsH 
tesr” 


Va tcas 7 
= 2S NG se, 
Vi — 


YY YYVYVY ¥ YV VY WY YY 
¢ corumn KKX? QOOOY 
oom 























Vin — 


SEN NNN innnuennnnniny 
= trRH 
= 


READ CYCLE | es ; 
RCH 
7 
() Y 


a 
Vie —XXX9 TKKG BE RY NY 
w g weet | LL x 
YX \ 


w Vis DV 
VALID DATA-OUT 


VY 


PX 
















twrp 


WRITE CYCLE twrH 
oe Ae OIG XXX KKKKY 

















D Vin — PKAIYSVVWY A/V VV YVYVVYYV TYVVYV VV WIV 
J — RRM vaso cara KK 




































READ-MODIFY-WRITE oa 

ee Vin — ¥~YWVVY¥ RV YV VY YY YS YYVVVYY 

Wg OO tC, ARN 

Q - _-_ rien KON VALID DATA-OUT ' 
Vin — V7 VYYVVYVV VV YY YYV VV YVYVYYY 

0 — ORR KKK KKK aD 





VALID DATA-IN 


RY DON'T CARE 


ELECTRONICS 


KM41V16000A/AL/ALL/ASL 





TIMING DIAGRAMS (continuea) 


TEST MODE IN CYCLE 
Note: D, Address: Don’t Care 


CMOS DRAM 
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TEST MODE DESCRIPTION 


The KM41V16000A/AL/ALL/ASL is the RAM organized 
16,777,216 words by 1 bit, it is internally organized 1, 
048,576 words by 16 bits. In “Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao, A1, A1o and A11 are not 
used. If, upon reading, 16 bits are equal (all “1"s or "O"s) 
the Q pin indicates a "1". 

If they were not equal, the Q pin would indicate a "0". In 






tre 
tras 


tour 


SG 


OO 


XX 


KX WO 


OPEN 





RY DON'T CARE 


"Test Mode", the 16M DRAM can be tested as if it were 
a 1Mx1 DRAM. W, CAS-BEFORE-RAS Cycle (Test 
Mode in Cycle) puts the device into “Test Mode". And 
"CAS-BEFORE-RAS REFRESH CYCLE" or “RAS-only 
Refresh Cycle" puts it back into "Normal Mode". The 
“Test Mode" function reduces test time (1/16 in cases of 
N test pattern). 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (S0OMIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 















0.295 (7.49) 
0.305 (7.75) 
0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 
0.008 (0.20) 
0.012 (0.30) 











0.670 (17.02) _ 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


I 




















0.050(1.27) 0.015(0.38) 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 
0.050(1.27) 
MAX 


24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 
TYP 










0.302 (7.67) 
0.367 (9.32) 


0.359 (9.12) 





0.298 (7.57) 
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0.016 (0.40) z | 
0.024 (0.60) 
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KM41V16000A/AL/ALL/ASL CMOS DRAM 





PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 
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CMOS DRAM 





4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


* Performance range: 


P| ttc | tone | tre | 
ROR RLALLASIS | |_| OS | 
KM44V4000A/ALV/ALL/ASL-7 | 70ns | 20ns | 130ns | 
KM44V4000A/AL/ALL/ASL-8 | 80ns | 20ns | 150ns | 


« Fast Page Mode operation 

» CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

* TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

* Double+3.3V +0.3V power supply 

* 4096 cycles/64ms refresh (Normal DRAM) 

¢ 4096 cycles/128ms refresh (Low power & Self Ref.) 
* 4096 cycles/256ms refresh (Super Low power) 
« JEDEC standard pinout 

* Available in plastic SOJ and TSOPi(II) 











FUNCTIONAL BLOCK DIAGRAM 







GENERAL DESCRIPTION 


The Samsung KM44V4000A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bit x 4 Dynamic Random 
Access Memory. !ts design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


AS 
Lo Control Vop 
CAS Clocks Vss 
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Refresh Timer 


Refresh Control 
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fo) 
o DQ1 
Memory Array & to 
4,194,304 x4 <x DQ4 
Cells B 
o 
o 











Data out 
Buffer 








vramaenad 


ELECTRONICS 


96 


KM44V4000A/AL/ALL/ASL CMOS DRAM 





PIN CONFIGURATION (Top Views) 


« KM44V4000 AJ/ALJ/ALLJ/ASLJ * KM44V4000 AT/ALT/ALLT/ASLT +» KM44V4000 ATR/ALTR/ALLTR/ASLTR 


/AK/ALK/ALLK/ASLK /AS/ALS/ALLS/ASLS /ASR/ALSR/ALLSR/ASLSR 
Vss Vss Vss 
DQ, DQ, DQ4 
DQ3 DQ3 0Q3 
CHS CAS CAS 
N.C N.C - N.C 
Ag Ag Ag 
Ag Ag Ag 
A7 AZ A7 
As Ag Ag 
As As As 
Aa A4 Aa 
Vss Vss Vss 14 





J: 400MIL T : 400MIL(Forward) TR : 400MIL(Reverse) 
K : 300MIL S : 300MIL(Forward) SR : 300MIL(Reverse) 







































Pin Name Pin Function 
Address Inputs 

DQ1~4 Data In/Out 

Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

Ww Read/Write Input 

OE Data Output Enable 

Vpb | Power(+3.3V) 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 
ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Rating Units 
Voltage on Any Pin Relative to Vss Vin, VouT -0.5 ~ 4.6 V 
Voltage on VpD Supply Relative to Vss Vbp -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current | tos S| 50 mA 


* 






Parameter 














Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, Ta=0 to 70°C) 



























































































Supply Voltage 
Ground Vv 
Input High Voltage Vop + 0.3 Vv 
Input Low Voltage — 0.8 Vv 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol; Min | Max | Units 
Operating Current” KM44V4000A/AL/ALL/ASL-6 
ne : ; KM44V4000A/AL/ALL/ASL-7 Icc1 - 70 mA 
(RAS and CAS Cycling @trc=min) KM44V4000A/AL/ALL/ASL-8 60 | mA 
KM44V4000A 
Standby Current KM44V4000AL (aes ; 1 mA 
(RAS=CAS=W=Vi ) KM44V4000ALL 1 mA 
KM44V4000ASL 1 mA 
Ske is KM44V4000A/AL/ALL/ASL-6 80 mA 
svn, sgl rs keer ’ KM44V4000A/AL/ALL/ASL-7 ices : 70 | mA 
ee Oe eee KM44V4000A/AL/ALL/ASL-8 60 | mA 
Fast Page Mode Current” KM44V4000A/AL/ALL/ASL-6 70 mA 
PIS he Astrea KM44V4000A/AL/ALL/ASL-7 loca - | 60 | mA 
encores eyeing Cee nt) KM44V4000A/AL/ALL/ASL-8 50 | mA 
KM44V4000A 1 mA 
Standby Current _ KM44V4000AL iecs : 300 LA 
(RAS=CAS=W=Vpp-0.2V) KM44V4000ALL 200 | “A 
KM44V4000ASL 200 LA 
— —— . KM44V4000A/AL/ALL/ASL-6 80 mA 
RS and GAS Suisse KM44V4000A/AL/ALL/ASL-7 Icce - | 70 | mA 
PON or KM44V4000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (Vin)=Vpp-0.2V 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling net lcc7 - sa me 
or 0.2V Din=Don't Care Trc=31.25S(L-Ver) 
62.54 S(SL-Ver), TRas=TRas min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
W=-OE=A0-A11=Vop-0.2V or 0.2V KM44V4000ALL Iccs - 250 LA 
DQ1~DQ4=Vpp-0.2V, 0.2V or Open 
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KM44V4000A/AL/ALL/ASL CMOS DRAM 





DC AND OPERATING CHARACTERISTICS (Continued) 


(Recommended operating conditions unless otherwise noted) 














Parameter Symbol! Min | Max | Units 
Input Leakage Current . figs 10 10 si 
(Any input 0<Vin <VpD+0.3V, all other pins not under test=0 volts.) 

IL 

Output Leakage Current low 
(Data out is disabled, OV <VouT<Vpp) n “ig ie HA 
Output High Voltage Level (loH=-2mA) VOH 2.4 - V 
Output Low Voltage Level (lo.=2mA) VoL - 0.4 V 

















*NOTE: Icc1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=ViL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (12=25°C, Voo=3.3V, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Output Capacitance (DQ1~DQa) 













AC CHARACTERISTICS (0°c<1s<70°C, Vov=3.3V +0.3V, See notes 1,2) 
Test Condition : Vin/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 













































































Parameter 

Random read or write cycle time tRC | 
Read-modify-write cycle time 185 205 ns 
Access time from RAS 60 | 70 80} ns | 3,4,11 
Access time from CAS | tcac 15 20 | 20! ns | 3,4,5 
Access time from column address | taa 30 35 40 | ns 3,14 
CAS to output in Low-Z tcLz 0 0 0 ns 3 
Output buffer turn-off delay {OFF 0 | 15 0 20 0 20] ns 7 
Transition time (rise and fall) tT 3 50 3 50 { 3 50) ns 2 

| RAS precharge time tRP 40 50 60 ns 
RAS pulse width tRAS 60 | 10,000} 70] 10,000; 80); 10,000; ns 
RAS hold time tRSH 15 20 20 ns 
CAS hold time tCSH 60 70 80 ns 
CAS pulse width tcas 15 | 10,000} 20 10,000 | 20 | 10,000 | ns 
RAS to CAS delay time tRCD 20 45| 20] - 50| 20 60} ns 4 
RAS to column address delay time {RAD 15 30 15 35 15 40} ns 11 
CAS to RAS precharge time tCRP i 5 ns 
Row address set-up time 
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AC CHARACTERISTICS (Continued) 
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Row address hold time 




































































Column address set-up time ___|_tase 0 | of of =| of dT ns | 
Column address hold time tCAH 10 | of as] | ts] tls | 
Column address hold time referenced to RAS ___|_tar 45 | | ss} si] sof Sit ts | 
Column address to RAS lead time traL | 30 ff} ef 
Read command set-up time tRCS 0 | of | of [ns] | 
Read command hold time referenced to CAS tRCH | of | o| 0 ns 9 
Read command hold time referenced to RAS tRRH 0 0 0 ns 9 
Write command hold time . twcH 10 15 15 ns 

Write command hold time referenced to RAS twcR 45 | | eo] ~—Sd] ns | | 
Write command pulse width twp 10 Sf} es 
Write command to RAS lead time tRWL 15 | 20 | af |r] | 
Write command to CAS lead time tow 15 fons | | 
Data set-up time tos 0 | ns | to | 
Data hold time tDH 5 ns 10 

ee De ae 





Data hold time referenced to RAS 


Refresh period (Normal DRAM only) tREF | [esl | wa | 
Refresh period (Low power & Self Ref.) tREF | | aaa] | 28 | 


128) ms 
Refresh period (Super Low power) tREF 





er 
256 256| | 256] ms 
| ol 





























































































































Write command set-up time twcs 8 

CAS to W delay time tcwp 8 

RAS to W delay time tRWD 8 

Column address to W delay time tawo 8 

CAS set-up time (CAS-before-RAS refresh) tcsr | | 
CAS hold time (CAS-before-RAS refresh) tCHR P| 
RAS to CAS precharge time tRPC f 
CAS precharge time (C-B-R counter test cycle) tCPT a 
Access time from CAS precharge tcPA ie ge 
Fast Page mode cycle time tPc a 
Fast Page mode read-modify-write cycle time tPRWC fa 
CAS precharge time (Fast Page mode) tcp i = 
RAS pulse width (Fast Page mode) trasp | 60 | 200,000 i. 
RAS hold time from CAS precharge tRHCP | | 
OE access time tOEA id 
OE to data delay a 
Output buffer turn off delay time from OE tOEZ 0 Le al 








OE commend hold time | tocy | 15, 
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KM44V4000A/AL/ALL/ASL 


CMOS DRAM 





AC CHARACTERISTICS (Continued) 





Parameter 


Write command set-up time (Test mode in) 







































Write command hold time (Test mode in) 10 10 ns 

W to RAS precharge time (C-B-R refresh) 10 10 ns fi 

W to RAS hold time (C-B-R refresh) 10 | 10 | ns 

RAS pulse width (C-B-R self refresh) 100 100 | 100 HS 15 
RAS precharge time (C-B-R self refresh) 110 130 150 ns 15 








CAS hold time (C-B-R self refresh) 








































































































































TEST MODE CYCLE (Note.12) 

Parameter Symbol; = ) a : { = 8 Units | Notes 

Min | Max | Min; Max | Min; Max 
Random read or write cycle time tRC 115 | 135 155 [ ns 
Read-modify-write cycle time trwc | 160 | IM 190 210 ns_| 
Access time from RAS tRAC 65 75 85! ns | 34,11 
Access time from CAS tCac 20 | 25 25| ns j 3,4,5 
Access time from column address tAA 35 40 45} ns 3,11 
RAS pulse width 10,000; 75} 10,000; 85] 10,000) ns 
CAS pulse width 10,000 10,000 10,000 
RAS hold time tRSH 20 25 25 ns 
CAS hold time tcsH | 65 | 75) 85 ns | 
Column address to RAS lead time tRAL 35 | 40 | 45 ns 
CAS to W delay time Ltowo | 45 | 55 | 55 ns 
RAS to W delay time tRWD 90 105 115 ns 8 
Column address to W delay time tawD j 60 : 70 75 ns 8 
Fast Page mode cycle time |_tPc | 45 50 | 55 ns 
Fast Page mode read-modify-write cycle time tpRwc |) 90 105 110 ns 
RAS pulse width (Fast Page Mode) | tRASP | 65 200,000 75 200,000; 85) 200,000) ns 
Access time from CAS precharge |_ tera . 40 L | 45 50| ns 3 
OE access time | toca 0 25 25) ns | 
OE to data delay 7 tOED | 20 ea 25° | 25 | ns 
OE command hold time toeH : 20 25 1 25) ns 
101 
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KM44V4000A/AL/ALL/ASL 


CMOS DRAM 





N 
; 


OTES 


. An initial pause of 200s is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


2. Vik(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and Vit(max) are 
assumed to be 5ns for all inputs. 


3. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


4. Operation within the tRcp(max) limit insures that 


trRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcb is greater than the 
specified trcp(max) limit, then access time is 
controlled exclusively by tcac. 


5. Assumes that tRcp > tRcD (max). 
6. tAR, twCR, tDHR are referenced to tRAD(max). 
7. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VOH or VoL. 


. twos, tRwbo, tcwD and tawD are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwp>tcwp(min), tRwo > 
trRwp(min) and tawp > tawp(min), then the cycle is a 


10. 


11. 


12 


14. 


15. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trRaD(max) limit insures that 
tRAc(max) can be met. trRap(max) is specified as a 
reference point only. If tRAD is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 


. These specifications are applied in the test mode. 
13. 


In test mode read cycle, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

4096 cycle of burst refresh must be executed 
within 64ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 


tore 





| A 























Vi — ALY 
me SRK atos DRT ASRS DRS KD 
eae trap = traL —— ee 
Fe OY . RK 
Fn BRK ESRI 


toez 


. trac 
Vou | AY 
DQ)-DQ, OPEN GON VALID DATA-OUT » 
Vo_— A 


teiz 


Rod DON’T CARE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 


trc 


tras 


























RAS _ _ ; tar 
= nee oe 
Vin — ASVVV¥ tcas 
Be. Gy ey 
tasr | ia 
A Vin = eX KY) —— X —— XXXXXKKK YXXXXXK XX XXKXXKK 
1. — XK, acs JAY) SH COOK KKK RK) 
W Vin —- YYVVYVVY YVYVV Y eae eee 
ie — XK = KKK 
eS ear a ee 
ame tawt 
Fe RRR KR 
pa,-pa, 


— 
(| VALID DATA-IN 
Vi — 


tour 


WRITE CYCLE (OE CONTROLLED WRITE) 


cer 
trp 


tar 


| 


Bs) 
>| 
wn 


Vi 7 


m OMY a eae a, 








EE a HO at RR 

«7 RRESSRRERRNRRRERRRRR LIES RRRERRIRERR 

cz IRR Htin | Lan RESIIIIIIIIION NN 

re CEE anon HOC IRRRREE 
KY DONT CARE 
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TIMING DIAGRAMS 6 continued) 
READ-MODIFY-WRITE CYCLE 


trwe 





tras 

































eo 
Be) Pe NL ‘ E 
=easi= 

5 RM OM RR 
‘oe pa FARRER 
ON eee ae” 

trac Rea toez ton 
Daroa, mT BX oA DRO At 


CLZ 


FAST PAGE MODE READ CYCLE 











































trasP J~ trp 
Vin tar |< tarice 
RAS Vi 7 
torp tec tp trsH 
~ top : top ane 
Vin— KX ’ A CAS A ¥- 
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r—-2 
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tasr tcaH tasc 
|| | a ee 
Vn — ZY 1X Wy YX YVYN 
mK BE DRO ASSES DIAL SSH DROOL SESE DRY 
trap tacs i R tacH 
tacos CH | trRH 
se: Vin — TY WW a .* RY YW 
% Vii — QO WY YY) YY 
peers Vin - YAY YY YY Y Y YY BIL VY V/ 
* XEXKEXKAEKA, | EXXXY 
Ve RRR KKK | ARK KXXRXX 
tcac Ses 4 torr 
trac 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp trp 
RAS tar 


sad tec tec 


@) 
a 


a ee tcas 
ey 
tas” aed N eel [i nist a 
iq — 
ESO tEr Be SOOKE mm 


pGnees me a acres \ & if 
ere ic 
QOS — ioe st 


ey Ee aaa Sich ia SSS 


fe} [oe DL 


=I 


Jr Ce 


fee} Pe 


We — SR obits DESY (EO SEAR XXX 


tour 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


trasp 
Vin — 
RAS tar 
Vi — 
; tcas / / 


< 


DQ,-DQ,4 


[e) 
ree) 
x 
| 
RS 





IY 


mye XK 5H Sst DE Sommaaie QO 
el Ye 
We RR EY we oe wa ; 


al 


OE Viq 
Vi — 
ton 
Vuon— if 
DQ,-DQ 
aa Voi — , aX RY 
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TIMING DIAGRAMS (continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 








RAS 
CAS 


nA row ano KY NARN AAA AAA ARR 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don't Care 




















ViH— 


Vir— 
trpc tReC 
tcsr t 
— CHR 
Vin— ; . 
CAS f 
Vit— 
| tore 
| 
VyOH — 
Vv 0 
VOL — ; 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 





RAS 








DQ,-DQ, 





RAS Vin 
Vit— 
———- ViH — 
LCAS 
Vit— 
Vv 
pat-pea OH 
VoL — 
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TIMING DIAGRAMS (continuea) 
HIDDEN REFRESH CYCLE (READ) 


Hea 
tras tras 
Vin 


RAS 
Vii — 
: 4 
c | 


ee) pels ot ib De CRD 








trap 


7 RE | 


Fv. SESS OREO SISOS 


Vi — /\ 


NYY 






NOS OOK 


AS ISK KKK 


: Von —~ RY 
ws —awanar 
HIDDEN REFRESH CYCLE (WRITE) 


tras tras 


Vin 
RAS Wie 
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OOOO el 
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FE RCI OY) 
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a RY DON'T CARE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE tap 


tras 


tept RSH : 
7, 
tour tcas | 


RE NINN MELLIN OSUNUNIIINNIS 


RAS 


Vin — 
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uae Rf dice tcsr 
2 a 
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WRITE CYCLE ,,.., ‘well 
= Vie —- 7YYWAAZ RIVV VV YY VY VV VYVYVYVVVYVVYVYVY VY 
a OY SOO ARK KX 
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_ Vin XXX Y KY XXXXK XX KX XK XK XCM 
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TIMING DIAGRAMS (continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don’t Care 








eae Vin — 
RAS 
= trec 
top 
me NT a 
CAS 
Vi — 
twrs two 
2 Vin — cx eee eee: xx) 
W 
Vi — OY 
torr 
ba,-pa, Yo ~ ' 


TEST MODE DESCRIPTION 


The KM44V4000A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1"s or "O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tac 


|}~________ tras 


AK 


Z\ LLIAALS 


KAKA 


OPEN 


Ro DON'T CARE 


Mode’, the 4M x 4 DRAM can be tested as if it were a 
1Mx 4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into "Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or “RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 















0.012 (0.30) 





0.340 (8.64) 
0.008 (0.20) 


a 
+ 
= 
2) 
3 
N 
° 


0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 





0.305 (7.75) 
























0.670 (17.02) _! 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


a 


0.050(1.27) 0.015(0.38) 
TYP 0.021(0.53) 














0.026(0.66) 
0.032(0.81) 





0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (SOOMIL, Forward and Reverse Type) 


0.03 (0.80) 











0.671 (17.04) 
0.679 (17.24) 








0.039 (1.0) 
0.047 (1.20 


0.298 (7.57) i 
) 0.302 (7.67) 
0.324(8.22) | 
| é TYP 
S| % 0.359 (9.12) 
0.367 (9.32) 











IAI 0.008 (0.08) 





am 0.048 (1.22) 0.012 (0.30) ai 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 








0.016 (0.40) LL 
0.024 (0.60) 
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PACKAGE DIMENSIONS | 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 













































































o slo ole 
: ala ol- 8 
=) Sale 
3 gi8 SIS & 
rot O}/F olo Ss 
ia Lae 
T 
0.144(3.66) 
MAX 
la 0.004(0.1) 
0.050(1.27) | | 0.015(0.38) a 
TYP 0.021(0.53) 
0.050(1.27) 
MAX 
24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 
TYP 
ait eg) Ble 
28 Slo l= 
ab a 818 
o/c ° o|o 
al& 
0.723 (18.36) </o 
0.727 (18.46) o/s 
slo 0.005 (0.13) 
0.008 (0.20) 
a 0.048 (1.22) 0.012 (0.30) | | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 
0.016 (0.40) 2 
0.024 (0.60) 
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4M x4 Bit CMOS Dynamic RAM with Fast Page Mode 


FEATURES 


¢ Performance range: ; 
Pde [tne |e 
KM44V4100A/AL/ALL/ASL-6 | 60ns | 15ns | 110ns 
KM44V4100A/ALV/ALUASL-7 | 70ns | 20ns | 130ns 
KM44V4100A/AL/ALL/ASL-8 | 80ns 











* Fast Page Mode operation 

« CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ Fast parallel test mode Capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

* Double+3.3V+0.3V power supply 

* 2048 cycles/32ms refresh (Normal DRAM) 

« 2048 cycles/128ms refresh (Low power & Self Ref.) 
¢ 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

« Available in plastic SOJ and TSOP(II) 


FUNCTIONAL BLOCK DIAGRAM 


Control 


GENERAL DESCRIPTION 


The Samsung KM44V4100A/AL/ALL/ASL is a high 
speed CMOS 4,194,304 bitx 4 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM44V4100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM44V4100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Ves Generator 


Clocks [Vee Generator | Vss 















Refresh Timer 
foe 
Refresh Control 
Refresh Counter 
Row Address Buffer 
Col. Address Buffer 
















AO~A10 


Memory Array 
4,194,304 x 4 
Cells 






Column Decoder 






Data in 
Buffer 
















Sense Amps & IO 







Data out 
Buffer 
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KM44V4100A/AL/ALL/ASL 





PIN CONFIGURATION (op views) 


* KM44V4100 AJ/ALJ/ALLJ/ASLJ 
/AK/ALK/ALLK/ASLK 


Vss 

DQ3 
DQ4 
CAS 





J: 400MIL 
K ;: SOOMIL 


° KM44V4100 AT/ALT/ALLT/ASLT 





/AS/ALS/ALLS/ASLS 


Vss 

DQ4 
DQ3 
CAS 


: 400MIL(Forward) TR : 400MIL(Reverse) 
: 300MIL(Forward) SR : 300MIL(Reverse) 
































Ao-A10 Address Inputs 

DQ1-~4 Data In/Out | 
Vss Ground 

RAS Row Address Strobe 

CAS Column Address Strobe 

WwW Read/Write Input 

OE Data Output Enable | 
Vop Power(+3.3V) | 











N.C No Connection ; 


CMOS DRAM 


* KM44V4100 ATR/ALTR/ALLTR/ASLTR 
/ASR/ALSR/ALLSR/ASLSR 
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ABSOLUTE MAXIMUM RATINGS 
































Short Circuit Output Current 




















Parameter 
Voltage on Any Pin Relative to Vss VIN, VOUT -0.5 ~ 4.6 Vv 
Voltage on Vpp Supply Relative to Vss Vppb -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pb 1 W 








50 














* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 

































































Parameter Symbol Min Typ Max Unit 
Supply Voltage Vop 3.0 3.3 3.6 V 
Ground Vss 0 0 0 V 
Input High Voltage VIH 2.0 — Vod + 0.3 V 
Input Low Voltage VIL -0.3 = 0.8 V 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
Operating Current" KM44V4100A/AL/ALL/ASL-6 100 mA 
; F KM44V4100A/AL/ALL/ASL-7 Iec1 90 mA 
(RAS and CAS Cycling @tac=min,) KM44V4100A/AL/ALL/ASL-8 80 | mA 
KM44V4100A 2 mA 
Standby Current KM44V4100AL ice 1 mA 
(RAS=CAS=W=Vu ) KM44V4100ALL 1 mA 
KM44V4100ASL 1 mA 
— i KM44V4100A/AL/ALL/ASL-6 100 mA 
CAS dill ee ae ’ KM44V4100A/AL/ALL/ASL-7 lees 90 | mA 
ee yous “os KM44V4100A/AL/ALL/ASL-8 80 mA 
P KM44V4100A/AL/ALL/ASL-6 80 mA 
me ee eel Sineuea KM44V4100A/AL/ALLIASL-7 | — Icca 70 | mA 
eae ener a) KM44V41 00A/AL/ALL/ASL-8 Ue 60 | mA 
KM44V4100A 1 mA 
Standby Current KM44V4100AL lacs 300 HA 
(RAS=CAS=W=Vpp-0.2V) KM44V4100ALL 200 HA 
KM44V4100ASL 200 HA 
_— — 4 KM44V4100A/AL/ALL/ASL-6 100 mA 
BRS and GAS C cae li KM44V4100A/ALIALUASL-7 | — Icce 90 | mA 
si tai KM44V41 00A/AL/ALL/ASL-8 80 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, input High Voltage (Vin)=Vop-0.2V : 
Input Low Voltage (ViL)=0.2V CAS=CAS-Before-RAS Cycling ae Icc7 - ne f ; 
or 0.2V Din=Don't Care Trc=62.5,S(L-Ver) ‘ 
1254S(SL-Ver), Tras=Tras min.~300ns 
Self Refresh Current 
RAS=CAS=0.2V 
W=OE= Ao-Ato =V0-0.2V or 0.2V econ es SN Bee BS 
DQ1~DQ4=Vop-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (continued) 


(Recommended operating conditions unless otherwise noted) 


Parameter 


Input Leakage Current . 
(Any input O< Vin <Vpp+0.3V, all other pins not under test=0 volts.) 





Output Leakage Current 
(Data out is disabled, OV<VouT<Vbpb) 











Output High Voltage Level (loH=-2mA) 
| eee 














Output Low Voltage Level (lo.=2mA) 


*NOTE: Icc1, Icc3, Icc4 and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE (1a=25°c, Voo=3.3V, f=1MHz) 


Parameter 
Input Capacitance (Ao~A10) 
input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQa4) 

















AC CHARACTERISTICS (°c<ta<70°C, Vov=3.3V+0.3V, See notes 1,2) 
Test Condition : Vin/Vi=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 























































































= ae a 

Parameter . 
ea al a 
Random read or write cycle time | woo] _| so 
Read-modify-write cycle time = 
Access time from RAS. tRAC 
Access time from CAS tcac 4, 
Access time from column address lta | | a0] fs | 40] ns 3,11 
CAS to output in Low-Z tCLz 0 0 ns 3 
Output buffer turn-off delay {_toFF 15 0 
Transition time (rise and fall) tT 3 50 3 
RAS precharge time tre 40 50 
RAS pulse width tRAS 60 | 10,000] 70/ 10,000 10,000 
RAS hold time tRSH 15 |_20 
CAS hold time tCSH 60 70 
CAS pulse width tCAS 15 | 10,000 10,000 | 10,000 
RAS to CAS delay time tRCD Paleo 50| 20 60] ns 4 











RAS to column address delay time tRAD | 15] 30] 15] 35] 15 40| ns 11 


CAS to RAS precharge time tcRP | [sg 5 ns 
Row address set-up time f; @-= th | 0 ns 
ea ” 
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AC CHARACTERISTICS (Continued) 

































































































































































Parameter 
Row address hold time 
Column address set-up time 0 0 ns | 
Column address hold time 15 15 ns 
Column address hold time referenced to RAS 55 60 ns 6 
Column address to RAS lead time 35 40 ns | 
Read command set-up time 0 0 ns |_ 
Read command hold time referenced to CAS 0 0 ns 9 
Read command hold time referenced to RAS tRRH OF 0 0 ns 9 
Write command hold time twCH 10 i 15 15 ns 
Write command hold time referenced to RAS twcr a5 55 60 ns 6 
Write command pulse width twp 10 i 15 15 ns 
Write command to RAS lead time | | 20 20 ns 
Write command to CAS lead time | 20 20 [_ns 
Data set-up time | 0 0 I {ns 10 
Data hold time 15 15 ns 10 
Data hold time referenced to RAS 55 60 ns 6 
Refresh period (Normal DRAM only) 32 32 32} ms 
Refresh period (Low power & Self Ref.) | tree | | 128] | 128] | 128] ms | 
Refresh period (Super Low power) i. =] 256 256 256/ ms 
Write command set-up time ot | a ns 8 
CAS to W delay time 50 {| 50} ns 8 
RAS to W delay time 100 110 ns 8 
Column address to W delay time 65 L |__70 ns 8 
CAS set-up time (CAS-before-RAS refresh) 10 10 ns 
CAS hold time (CAS-before-RAS refresh) [15 15 ns | 
RAS to CAS precharge time 5 5 ns 
CAS precharge time (C-B-R counter test cycle) 30 30 ns 
Access time from CAS precharge 35 40 45; ns 3 
Fast Page mode cycle time 45 | 50 ns 
Fast Page mode read-modify-write cycle time 100 | 105 ns 
CAS precharge time (Fast Page mode) | 10 | 10 ns 
RAS pulse width (Fast Page mode) 200,000 | 70 | 200,000; 80 | 200,000; ns 
RAS hold time from CAS precharge 40 45 ns i 
OE access time 15 20 20] ns 
OE to data delay ; 20 20 | ns r 
Out put buffer turn off delay time from OE 15 0 20 | 0 20| ns 
OE commend hold time 20 20 ns 
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AC CHARACTERISTICS (Continued) 


Parameter 


Write command set-up time (Test mode in) 





Write command hold time (Test mode in) 
















W to RAS precharge time (C-B-R refresh) 






























CAS hold time (C-B-R self refresh) 














W to RAS hold time (C-B-R refresh) twRH | 

RAS pulse width (C-B-R self refresh) tRASS 15 | 

RAS precharge time (C-B-R self refresh) tRPS 15 
ane | 








(Note.12) 











TEST MODE CYCLE 
-6 -7 -8 
Parameter Symbol 
Min | Max | Min| Max | Min| Max 

Random read or write cycle time tRC 115 4 135 | 155 fons | | 
Read-modify-write cycle time | trwc | 160 190 210 | ns 

Access time from RAS tRAC 65 75 85| ns 

Access time from CAS | tcac | | 20 25 25/ ns 


Access time from column address 
































pm | | a5] | ao) || ns | st 
| 75 | 10,000) 85] 10,000| ns | 





34,11 
3,4,5 














Column address to W delay time 





Fast Page mode cycle time 





RAS pulse width tRAS | 65 | 10,000 75 | 10,000} 85} 10,000] ns 
CAS pulse width teas | 20 
RAS hold time tes | 20 
CAS hold time 65 75 85 ns 
Column address to RAS lead time 35 | 40 45 

CAS to W delay time 45 55 

RAS to W delay time 90 105 









































OE command hold time 

















Fast Page mode read-modify-write cycle time 105 110 {ons | 
RAS pulse width (Fast Page Mode) 75 | 200,000} 85} 200,000) ns 

Access time from CAS precharge 45 ‘al ns 3 
OE access time 25 25| ns 

OE to data delay 20 = 25 25 ns 
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NOTES 
1 


. An initial pause of 200s is required after power-up 


on 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


. ViH(min) and ViL(max) are reference levels for 


measuring timing of input signals. Transition times 
are measured between ViH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 


. Measured with a load equivalent to 100pF and 


Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 


. Operation within the tacD(max) limit insures that 


tRac(max) can be met. trcp(max) is specified as a 
reference point only. If trcp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 


. Assumes that trcp > tRCD (max). 
. tar, twcr, tDHR are referenced to traD(max). 
. This parameter defines the time at which the 


output achieves the open circuit condition and is 
not referenced to VoH or VoL. 


. twcs, tRwo, tcwod and tawDd are non restrictive 


operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), trwo > 
tRwo(min) and tawD>tawp(min), then the cycle is a 


10. 


fii; 


12. 
13. 


14. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRcH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the tRAD(max) limit insures that 
tRac(max) can be met. tRAD(max) is specified as a 
reference point only. if tRao is greater than the 
specified traD(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycle, the value of tRAc, taa, tcAc 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

toFF(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 


. 2048 cycle of burst refresh must be executed 


within 32ms before and after self refresh, in order 
to meet refresh specification. 
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TIMING DIAGRAMS 
READ CYCLE 
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TIMING DIAGRAMS (Continued) 
WRITE CYCLE (EARLY CYCLE) 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


trasp trp 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 
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NY, Gane ON, 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 
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CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 
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TIMING DIAGRAMS 6 continued) 
HIDDEN REFRESH CYCLE (READ) 
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TIMING DIAGRAMS (continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE ie 
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TIMING DIAGRAMS (Continued) 


TEST MODE IN CYCLE 
Note: OE, Address: Don't Care 
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TEST MODE DESCRIPTION 


The KM44V4100A/AL/ALL/ASL is the RAM organized 
4,194,304 words by 4 bit, it is internally organized 1, 
048,576 words by 16 bits. In "Test Mode", data are 
written into 16 sectors in parallel and retrieved the same 
way. Column address bit Ao and Ai are not used. If, 
upon reading, four bits on one D/Q pin are equal (all 
"1{"s or “O"s) the D/Q pin indicates a "1". If they were 
not equal, the D/Q pin would indicate a "0". In "Test 


tras 





AK 


L\ZA\ L\A\ 


KLARA 


OPEN 


KY DON’T CARE 


Mode", the 4M x 4 DRAM can be tested as if it were a 
1M x4 DRAM. W, CAS-BEFORE-RAS Cycle (Test Mode 
in Cycle) puts the device into “Test Mode". And "CAS- 
BEFORE-RAS REFRESH CYCLE" or "RAS-only Refresh 
Cycle" puts it back into "Normal Mode". The "Test 
Mode" function reduces test time (1/4 in cases of N test 
pattern). 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (300MIL) Units: Inches (millimeters) 


0.027 (0.69) 
MIN 

















0.260 (6.60) 
0.275 (6.98) 
0.330 (8.38) 
0.340 (8.64) 








0.008 (0.20) 
0.012 (0.30) 


0.295 (7.49) 
0.305 (7.75) 






























0.670 (17.02) _| 0.128 (3.25) 
0.680 (17.27) 0.145 (3.68) 


T 
0.050(1.27) , 4 0.015(0.38) ! | 0.026(0.66) 
TYP 0.021(0.53) 0.032(0.81) 




















te. 0.050(1.27) 
MAX 








24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE TYPE(II) (300MIL, Forward and Reverse Type) 


0.03 (0.80) 










0.298 (7.57) 
0.302 (7.67) 





0.359 (9.12) 
0.367 (9.32) 





0.324(8.22) 


0.671 (17.04) 








0.039 (1.0) 
0.047 (1.20) 


0.679 (17.24) 


_ | | oo 2 co | 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 


TYP 


0.005 (0.13) 








0.008 (0.20) 





c S 0.003 (0.08) 














0.016 (0.40) { _| 
0.024 (0.60) 
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PACKAGE DIMENSIONS 
24-LEAD PLASTIC SMALL OUT-LINE J-LEAD (400MIL) Units: Inches (millimeters) 


0.025(0.64) 
MIN 

















0.360(9.10) 
0.380(9.65) 
0.430(10.90) 





0.400(10.16) 











Basal 2.00810 20) 








0.144(3.66) 
MAX 


J 7 


0.725(18.42) ; 








oman (OE 


0.050(1.27)| J , 0.015(0.38) | 0.026(0.66) 
TYP | 0.021(0.53) 0.032(0.81) 














0.050(1.27) 
MAX 





24-LEAD PLASTIC THIN SMALL OUT-LINE PACKAGE 
(400MIL, Forward and Reverse Type) 
0.03 (0.80) 


























a|8 
0.723 (18.36) <= 
0.727 (18.46) “| 3/3 
S|o 0.005 (0.13) 





0.008 (0.20) 


———" 
L 0.423 (10.76) J 
TYP 
0.459 (11 .66) 
0.467 (11 .86) 











[afocse] YVR AARP RPPUAAAAA 


acy 0.048 (1.22) 0.012 (0.30) 
0.052 (1.32) 0.020 (0.50) 0.037 (0.95) 
TYP 


0.016 (0.40) L Hl 
0.024 (060) 
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2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


¢ Performance range: 











KM48V2000A/AL/ALL/ASL-8 | g0ns | 20ns | 150ns | 


- Fast Page Mode operation 

¢ Byte Read/Write operation 

+ CAS-before-RAS refresh capability 

¢ RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

« Double+3.3V +0.3V power supply 

« 4096 cycles/64ms refresh (Normal) 

* 4096 cycles/128ms refresh (Low power & Self Ref.) 
¢ 4096 cycles/256ms refresh (Super Low power) 

¢ JEDEC standard pinout 

¢ Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 


ae Control 





GENERAL DESCRIPTION 


The Samsung KM48V2000A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bit x8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2000A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL. compatible. 


The KM48V2000A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 


Vop 
Clocks Vss 
F 








Refresh Timer 
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PIN CONFIGURATION (Top Views) 


* KM48V2000 AJ/ALJ/ALLJ/ASLJ * KM48V2000 AT/ALT/ALLT/ASLT + KM48V2000 ATR/ALTR/ALLTR/ASLTR 



































Pin Name Pin Function 
Ao-A11 Address Inputs 

DQ1-8 Data In/Out 

Vss Ground 

RAS Row Address Strobe 
CAS Column Address Strobe 
Ww Read/Write Input 

OE Data Output Enable 
VpD Power(+3.3V) 
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ABSOLUTE MAXIMUM RATINGS 





-0.5 ~ 4.6 








Voltage on Any Pin Relative to Vss Vin, VouT 
Voltage on Vpp Supply Relative to Vss | Vob 
Storage Temperature Tstg 





Power Dissipation 


-0.5 ~ 4.6 
-55 to + 150 















Pb 

















Short Circuit Output Current 


* 


Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 


should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 






Parameter Symbol 





Supply Voltage Vpp 


RECOMMENDED OPERATING CONDITIO 


NS (Voltage referenced to Vss, Ta=0 to 70°C) 


3.6 











Ground Vss 








Input High Voltage _| VIH 








0 








2.0 











Input Low Voltage 





Vopb + 0.3 









DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
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Parameter | Symbol] Min | Max | Units 
Operating Current’ KM48V2000A/AL/ALL/ASL-6 80 mA 
; ‘ KM48V2000A/AL/ALL/ASL-7 70 mA 
(RAS and CAS Cycling @trc=min) KM48V2000A/AL/ALL/ASL-8 60 | mA 
KM48V2000A 2 mA 
Standby Current KM48V2000AL es 7 1 mA 
(RAS=CAS=W=Vin ) KM48V2000ALL 1 mA 
KM48V2000ASL 1 mA 
_—— ‘ KM48V2000A/AL/ALL/ASL-6 80 mA 
cmv, san KM48V2000N/AV/AL/ASL-7 | ccs | - | 70 | mA 
itis anaes, KM48V2000A/AL/ALL/ASL-8 60 | mA 
Fast Page Mode Current* KM48V2000A/AL/ALL/ASL-6 70 mA 
FRS—Vi GRE Aacinse Gielna Ge SHIh KM48V2000A/AL/ALL/ASL-7 lcca - | 60 | ma 
Ee ed igh aa KM48V2000A/AL/ALL/ASL-8 50 | mA 
KM48V2000A 1 mA 
Standby Current KM48V2000AL idee ' 300 LA 
(RAS=CAS=W=Vop-0.2V) KM48V2000ALL 200 HA 
KM48V2000ASL 200 HA 
es anc As KM48V2000A/AL/ALL/ASL-6 80 mA - 
FRE and GAB 0, ipso KM48V2000N/AL/ALLIASL-7 | ccs | - | 70 | mA 
sei cel a KM48V2000A/AL/ALL/ASL-8 60 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH)=Vpp-0.2V 
Input Low Voltage (Vit}=0.2V CAS=CAS-Before-RAS Cycling Sonne Icc7 - ae a 
or0.2V Din=Don't Care Trc=31.25nS(L-Ver) j 
62.54S(SL-Ver), TRas=TRas min.~3 
pS ( r) min.~300ms 
Self Refresh Current 
RAS=CAS=0.2V 
WeOE=Ao-A11=Vop-0.2V or 0.2V KM48V2000ALL Iccs - 250 uA 
DQ1~DQs=Vop-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (continuea) 


(Recommended operating conditions unless otherwise noted) 


Parameter Symbol| Min | Max | Units 





Input Leakage Current 


(Any input O< VIN <VpD+0.3V, all other pins not under test=0 volts.) IML) a0 19 Hes 





Output Leakage Current 

(Data out is disabled, OV < Vout <Vpb) low) in wy Be 

a a SR Ns Se a | Se |e NES (Tee MT, Pm 
Output High Voltage Level (loH=-2mA) VOH 2.4 - V 


Output Low Voltage Level (lo.=2mA) VoL - 0.4 V 























*NOTE: Icct1, Icc3, Icc4 and Iccé are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE cta=25°c, Vov=3.3V, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQi~DQs) 



















AC CHARACTERISTICS (o’c<tTa<70°C, Vov=3.3V 0.3V, See notes 1,2) 
Test Condition : Vin/Vi=2.0V/0.8V, Voh/Voi=2.0V/0.8V, Output Loading CL=100pF 

























































































Parameter 
Random read or write cycle time 
Read-modify-write cycle time 155 185 205 |_ns 
Access time from RAS 60 70 80| ns | 3,4,11 
Access time from CAS 15 20 20|/ ns | 3,4,5 
Access time from column address tAA | 30 | 35 40 ns 3,11 
CAS to output in Low-Z tcLz 5 5 5} ns 3 
Output buffer turn-off delay toFF 0 15 0 20 0 20! ns Fé 
Transition time (rise and fall) tr 3 50 3 50 3 50 | ns 2 
RAS precharge time tre 40 | 50 60 ns | 
RAS pulse width 60 | 10,000 | 70 | 10,000 | 80) 10,000;| ns 
RAS hold time 15 20 20 ns 
CAS hold time 60 70 80 ns | 
CAS pulse width 15 | 10,000, 20 10,000, 20/ 10,000| ns 
RAS to CAS delay time 20 45| 20 50) 20 60; ns 4 
RAS to column address delay time 15 30 15 35 15 | 40| ns 11 
CAS to RAS precharge time 5 | 5 i, 5 ns | 
Row address set-up time 0 0 0 ns 
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AC CHARACTERISTICS (Continued) 




















































































































































































Parameter Symbol|- = al gaunt) Not | 
Max | Min | Max 

Row address hold time tRAH 10 ns 
Column address set-up time tasc 0 ns 
Column address hold time {CAH 15 ns 
Column address hold time referenced to RAS taR ns 6 
Column address to RAS lead time tRAL ns 
Read command set-up time tRCS ns 
Read command hold time referenced to CAS tRCH 
Read command hold time referenced to RAS tRRH 
Write command hold time twCH 
Write command hold time referenced to RAS twcrR 
Write command pulse width twp 
Write command to RAS lead time tRWL 
Write command to CAS lead time tCWL 
Data set-up time , tbs 
Data hold time tDH 
Data hold time referenced to RAS tDHR 
Refresh period (Normal) tREF 
Refresh period (Low power & Self Ref.) tREF 
Refresh period (Super Low power) tREF 
Write command set-up time twcs 
CAS to W delay time tcwo 
RAS to W delay time [_ tawo 
Column address to W delay time tawD 
CAS set-up time (CAS-before-RAS refresh) tcsR 
CAS hoid time (CAS-before-RAS refresh) tCHR 
RAS to CAS precharge time tRPC 
CAS precharge time (C-B-R counter test cycle) tcPT 
Access time from CAS precharge -tCPA 
Fast Page mode cycle time tPc 50 ns 
Fast Page mode read-modify-write cycle time tPRWC 105 ns 
CAS precharge time (Fast Page mode) tcp |_10 ns 
RAS pulse width (Fast Page mode) tRASP 200,000; 80 200,000} ns 
RAS hold time from CAS precharge tRHCP 45 ns 
OE access time tOEA 20 | 20| ns 
OE to data delay tOED 20 ns 
Out put buffer turn off delay time from OE toeEz cal: 0 20 we. 
OE commend hold time tOEH 20 ns 
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AC CHARACTERISTICS (Continue) 















































































































































Parameter Symbol sh at 8 Units | Notes 
Max | Min| Max | Min| Max 

Write command set-up time (Test mode in) |_ twrs 10 10 ns 

Write command hold time (Test mode in) twTH 10 10 ns 

W to RAS precharge time (C-B-R refresh) twrP 10 10 ns | 

W to RAS hold time (C-B-R refresh) twRH 10 10 ns 

RAS pulse width (C-B-R self refresh) tRASS 100 100 us 15 
RAS precharge time (C-B-R self refresh) |_ tRPs 130 150 ns 15 
CAS hold time (C-B-R self refresh) tCHS -50 -50 ns 15 
TEST MODE CYCLE (Note.12) 

Parameter Symbol = s t = Units | Notes 
Min | Max | Min| Max | Min| Max 

Random read or write cycle time tRC 115 135 155 ns 
Read-modify-write cycle time tRWC 160 190 210 ns 

Access time from RAS tRAC 65 75 85; ns | 34,11 
Access time from CAS tCac 20 25 25; ns 3,4,5 
Access time from column address tAA 35 40 45; ns 3,11 
RAS pulse width tRAS 65} 10,000} 75)| 10,000; 85] 10,000; ns 

CAS pulse width tcas 20 |.10,000} 25); 10,000} 25; 10,000! ns 

RAS hold time 20 25 25 ns 

CAS hold time tCSH 65 | 75 | 85 ns 

Column address to RAS lead time tRAL 35 40 45 ns 

CAS to W delay time tcwo 45 55 | 55 ns 

RAS to W delay time tRWD 90 105 115 ns 8 
Column address to W delay time tawD 60 70 75 ns | 8 
Fast Page mode cycle time tPC 45 50 55 ns 

Fast Page mode read-modify-write cycle time |_tPRwc 90 105 110 ns 

RAS pulse width (Fast Page Mode) tRASP 65 | 200,000} 75) 200,000} 85 200,000; ns 

Access time from CAS precharge tcPA 40 45 50| ns 3 
OE access time toea | 20 25 25| ns 

OE to data delay tOED 20 25 25 ns 

OE command hold time tOEH 20 25 25 ns 
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NCTE? 


. An initial pause of 200zs is required after power-up 


followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 


read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 



























































2. Vin(min) and Vit(max) are reference levels for of the data out is indeterminate. 
measuring timing of input signals. Transition times 9. Either tacH or tRRH must be satisfied for a read 
are measured between ViH(min) and ViL(max) are cycle. 
assumed to be 5ns for all inputs. 10. These parameters are referenced to the CAS 

3. Measured with a load equivalent to 100pF and leading edge in early write cycles and to the W 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) leading edge in read-write cycles. 

4. Operation within the trcp(max) limit insures that 11. Operation within the trRap(max) limit insures that 
trac(max) can be met. tRcp(max) is specified as a tRac(max) can be met. trRap(max) is specified as a 
reference point only. If tRcp is greater than the reference point only. If tRaD is greater than the 
specified tRcD(max) limit, then access time is specified tRAD(max) limit, then access time is 
controlled exclusively by tcac. controlled by taa. 

5. Assumes that trop > tRcb (max). 12. These specifications are applied in the test mode. 

6. tar, twcr, toHR are referenced to tRAD(max). 13. In test mode read cycle, the value of trac, taa, tcac 

7. This parameter defines the time at which the is delayed by 2ns to 5ns for the specified value. 
output achieves the open circuit condition and is These parameters should be specified in test mode 
not referenced to VoH or VoL. cycles by adding the above value to the specified 

8.twcs, tRwD, tcwD and tawod are non restrictive value in this data sheet. 
operating parameters. They are included in the 14. torF(max) and toez(max) define the time at which 
data sheet as electric characteristics only. If twcs> the output achieves the open circuit condition and 
twcs(min) the cycle is an early write cycle and the are not referenced to output voltage level. 
data output will remain high impedance for the 15. 4096 cycle of burst refresh must be executed 
duration of the cycle. If tcwo>tcwp(min), tRwD > within 64ms before and after self refresh, in order 
trwo(min) and tawp >tawp(min), then the cycle is a to meet refresh specification. 

TIMING DIAGRAMS 
READ CYCLE 
= tre 
aoe tRAS —— trp 
RAS ViH— 
Vit— tAR 
; — tcsH 
wen Ge trop tRSH —_ 
tcas 
me Ow \A f_/ 
one " }—-tRAD t 
_ tasrR ’ RAL — 
; RAN tase tCAH 
= Y COLUMN KYXKKXXK WG 
: vie GOK ABBness KN RBGHESS ICRC Ne XY) 
tr 

oS Vie— VV () YY) KX V\g 

w Fe GRY) 

OE Vin— 

Vit— 
VouH— 
DQ,-DQs Gort 
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TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 
im 
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— Vin— 
RAS 
Vit— 
tcrp Pe trop aad tRsH S| — 
ak, ViH— 
CAS gee tl tray \A tcas Sy 
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Vin— YYYX XY KR ROW y, vv. WAVataAVAVAVATAY, 
: va WOOK Aaooness XM SSNS PRY 
es ~ tcwL — 
; Vin RRR RRR tae ARR 
Vit— a __ Be 1,9,0.0.00,0,0.05 
twcr 
tRWL 
one ViE— PIYYVYVYY 8 VV PN VO PU OY 
oF Vi IRR RK RD 
tos oa fDH 
sorta Cxcmomr] 


WRITE CYCLE (OE CONTROLLED WRITE) 





KY 


V/VVVVV VV VV VYVV YY VV VV VV VV 
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TIMING DIAGRAMS (Continued) 
READ-MODIFY-WRITE CYCLE 

































































— Viq— 
RAS Vi— 
tegel to rere 7 ~ tesH = 
trcD 5 (enna ~ tRSH To 
CAS Viq— Laeesk 
Vit— \ \ cau { / 
tasR la tcaH 
Vin— AAAFBROW b \) c ” VY YVVVVVVVVVWVYV VWW\ASVYYV\AVAYVVVVYV 
: va MepRaooress AM ADDRESS _ ROK RK eo Re) 
tra i ces A st] }——~ towL——— 
ane (eo +— trwb —| jb tawL —_ 
w VIH— | AKAVVVUV VV VR 
ae a SARK 
—_ Vip— DAVYAVYVVYVAIYV VV OVYV 
FE SEA) 
ViIOH ~ AK KK AAAATA RAT 
BO RRR K YY 





FAST PAGE MODE READ CYCLE 






















































r -———- : trasp — eee etl 
RAS IH— 
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—— Viq— tcas 
CAS vies WoT tcas tcas { / 
RAD ae | 
tasR tRAH tase tcaH eal tcaH tasc| | tcaH 

‘ Vit— CON mage AY) Es AYKKY) COLUMN ARYYYY X\ Soe {xX XXX YXX) 
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W — ROY y OOOO 

Vit— XX WON taa | y es ie trRH if XXX 

toEA "CPA 
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OE Vn — DREXLER | AN | ARN | AR 
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TIMING DIAGRAMS (continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 


tre 
| — ~---- — tRASP —— ~~ 7 | 
= ~ i 
RAS tar 1 
| t 
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A 
Ww 
_ BAA AC LK WKAR YY XR RW NV 
OE ROR OR KKK KIX LL ON KK RR 
| tos [ton tps [! toH tos | | tox 
00 0ay NKR _ aT 
FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
oO 4 7 trasP 
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tase_| | 
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TIMING DIAGRAMS (Continued) 


-RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 














Vin— 
RAS Vi— 
tcre tReC 
fia ViH— 
CAS 
Vit— 








eA P7499 OARS 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 
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Viq— 
CAS 

Vir— 


torr 
VuoH — 
DQ,-DQ, Vio. — , OREN cermin eT RN ER 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


FAS Vin 
Vit — 
peen ree Vin — 
LCAS 
Vit— AN 
Vv 
DQ;DQ, OPEN 
VoL — 
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TIMING DIAGRAMS Continued) 


HIDDEN REFRESH CYCLE (READ) 
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CAS 
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HIDDEN REFRESH CYCLE (WRITE) 
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TIMING DIAGRAMS Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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CAS -_ tcas- i, 
-tasc | 

ViH— WAKAAKTIVARAAAAARAAKATY MAKAAAIAAAAAAK ANY VAY 
; i CXR aconess DRA YK 
READ CYCLE tees fd i 
= Vin— YOAYY YY YAY YX KY VY | KAKA 
Fe RO MORNOOMNONY coer XXX 
= ViH— AMAAAIWVVVVVVVVIVVVY VY AY VY VA | tOEA BIVVIV/V\YVVVYV XV 
FE OKRA CNOA 
DQ,-DQs nae ieee OREN (\) f VALID DATA-OUT 
WRITE CYCLE ey a 

- tow. 

_ Vip— V/A A/A/VYYY\\AAASV V/A | twos ii WCH VVVVVVYVYVJVVVVVVA/A\/VVV/ 
Wve AK KKKXRKKKXIL AN aA UN ANNACHLOOCUILUS 
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PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.720(18.29) 
r 0.730(18.54) 
Lt 


0.027(0.69) 


















a |e cla B/S 
O}N Sj gfe 2% 
oe) NO BIR TIE 
SIS SIS 8/8 Ble 
$18 ain SIS ols 
lake) m1 
ols oO|/r ape +/+ 
4 O;O oR to) olo 
Of1oO olo 





















0.140(3.56) 
0.148(3.76) 





L_] LJ: JE 
0.026(0.66) 
0.032(0.81) 









Cr} 0.004(0.1) 














0.050(1.27) 
MAX 


0.016(0.41 0.050(1.27) 
0.020{0. = TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 





0.740 (18.80) 0.03 (0. Semana 


—_ Ii 



















aml o ole 
=| 5 © 1% 
oO;oO oO a 
Cyc Ss =| = 
ON (se) O1o 
a|o NN wD 1oO 
|e < wt | 








0.005 | _ 0.008 (0:13 13) 
0. 
ne (18.36) eer 008 (0.20) 
seas ha 0.041 4 0.041 (1.08) _f 0.041 (1.05) 
ee ae oe ee el 
[GQ] 008 max | [GQ] 008 max | MAX 


0.037 (0.95) 0.048 (1.22) 0.016 (0. wo} 
0.052 (1.32) 0.020 (0.50) 











0.016 (0.40) 
0.024 (0.60) 
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2M x8 Bit CMOS Dynamic RAM with Fast Page Mode 
FEATURES 


¢ Performance range: 














mae [ene |e 
ans [sm | itr 
Tone [28 | tre 


, KM48V2100A/AL/ALL/ASL-6 
KM48V2100A/AL/ALL/ASL-7 
KM48V2100A/AL/ALL/ASL- 









¢ Fast Page Mode operation 

* Byte Read/Write operation 

» CAS-before-RAS refresh capability 

« RAS-only and Hidden Refresh capability 

¢ TTL compatible inputs and outputs 

¢ Early Write or output enable controlled write 

¢ Double+3.3V+0.3V power supply 

« 2048 cycles/32ms refresh (Normal) 

* 2048 cycles/128ms refresh (Low power & Self Ref.) 
* 2048 cycles/256ms refresh (Super Low power) 
¢ JEDEC standard pinout 

* Available in plastic SOJ and TSOP(II) packages 


FUNCTIONAL BLOCK DIAGRAM 








Control 
Clocks 


Refresh Timer 


Refresh Control 


Refresh Counter 


Row Address Buffer 


Col. Address Buffer 
















AO0~A10 








A0~AQ 


F Vpp 


Memory Array 
2,097,152 x8 








Column Decoder 


GENERAL DESCRIPTION 


The Samsung KM48V2100A/AL/ALL/ASL is a high 
speed CMOS 2,097,152 bitx 8 Dynamic Random 
Access Memory. Its design is optimized for high 
performance applications such as mainframes, mini 
computers, graphics and high performance portable 
computers. 


The KM48V2100A/AL/ALL/ASL features Fast Page 
Mode operation which allows high speed random 
access of memory cells within the same row. 


CAS-before-RAS refresh capability provides on-chip 
auto refresh as an alternative to RAS-only refresh. All 
inputs and outputs are fully TTL compatible. 


The KM48V2100A/AL/ALL/ASL is fabricated using 
Samsung's advanced CMOS process. 






Data in 
Buffer 





Sense Amps & !O 


Data out 
Buffer 
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PIN CONFIGURATION (Top Views) 


* KM48V2100 AJ/ALJ/ALLJ/ASLJ + KM48V2100 AT/ALT/ALLT/ASLT + KM48V2100 ATR/ALTR/ALLTR/ASLTR 


Vpo 









































Pin Name Pin Function 
Address Inputs 

DQi-8 Data In/Out 

Vss Ground 

[_ RAS Row Address Strobe 

CAS Column Address Strobe 

Ww Read/Write Input 

OE Data Output Enable 
Power(+3.3V) 
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ABSOLUTE MAXIMUM RATINGS 














































Parameter Symbol 
Voltage on Any Pin Relative to Vss Vin, VouT -0.5 ~ 4.6 V 
Voltage on Vpp Supply Relative to Vss Vop -0.5 ~ 4.6 V 
Storage Temperature Tstg -55 to + 150 °C 
Power Dissipation Pp 1 W 
Short Circuit Output Current los ié 50 mA 











* Permanent device damage may occur if "ABSOLUTE MAXIMUM RATINGS" are exceeded. Functional operation 
should be restricted to the conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage referenced to Vss, TA=0 to 70°C) 



















































































Parameter 
Supply Voltage Vop 3.0 3.3 3.6 V 
Ground Vss 0 0 0 
Input High Voltage VIH 2.0 — i Vop + 0.3 
Input Low Voltage 0.8 
DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 
Parameter Symbol} Min | Max | Units 
Operating Current’ KM48V2100A/AL/ALL/ASL-6 100 mA 
=m Dhe 2S As KM48V2100A/AL/ALL/ASL-7 Icc1 - 90 mA 
Peo esi Cyetnareine-an) KM48V21004/AL/ALLASL-8 go | mA 
KM48V2100A 2 mA 
Standby Current KM48V2100AL tes ; 1 mA 
(RAS=CAS=W=Vn ) KM48V2100ALL 1 mA 
KM48V2100ASL 1 mA 
— r KM48V2100A/AL/ALL/ASL-6 100 mA 
cHSvn bal sae KM48V2100V/AUALUIASL-7 | Ics | - | 90 | mA 
are ah pias KM48V21 00A/AL/ALL/ASL-8 80 | mA 
i 1 
Paet Bade Moda Curent KM48V2100A/AL/ALL/ASL-6 80 mA 
AS-i CAS, Address Cycling @tpc=min) KM48V2100A/AL/ALL/ASL-7 Icc4 - 70 mA 
ries: 4 yen aAade KM48V2100A/AL/ALL/ASL-8 60 mA 
KM48V2100A 1 mA 
Standby Current KM48V2100AL lags 7 300 uA 
(RAS=CAS=W=Vpp-0.2V) KM48V2100ALL 200 HA 
KM48V2100ASL 200 LA 
—_— pie ‘ KM48V2100A/AL/ALL/ASL-6 100 mA 
BRS and GAS Oy cian KM48V2100A/AVALUASL-7 | Iccs | - | 90 | mA 
hp ace na KM48V2100A/AL/ALL/ASL-8 80 | mA 
Battery Back Up Current Average Power Supply Current, 
Battery Back Up Mode, Input High Voltage (ViH}=Vop-0.2V 
Input Low Voltage (Vit}=0.2V CAS=CAS-Before-RAS Cycling eae loc? - ee a ‘ 
or 0.2V Din=Don't Care Trco=62.52S(L-Ver.} i 
125uS(SL-Ver), Tras=Taas min.~300ns | 
Self Refresh Current 
RAS=CAS=0.2V 
W=_OE=Ao-A10=Vop-0.2V or 0.2V KM48V2100ALL Iccs - 250 LA 
DQ1~DQs=Vop-0.2V, 0.2V or Open 
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DC AND OPERATING CHARACTERISTICS (continueg) 


(Recommended operating conditions unless otherwise noted) 





























Parameter Symbol; Min | Max | Units 
Input Leakage Current 
(Any input O<ViIN <Vpp+0.3V, all other pins not under test=0 volts.) Ine) “10 ” En 
Output Leakage Current 
(Data out is disabled, 0V<Vout<Voo) HOM || eB h NR  aeS 
Output High Voltage Level (loH=-2mA) VOH 2.4 - Vv 
Output Low Voltage Level (loL=2mA) VoL - 0.4 V 


*NOTE: Icc1, Icc3, Icca and Icce are dependent on output loading and cycle rates. Specified values are obtained with 
the output open. Icc is specified as an average current. In Icc1 and Icc3, Address can be changed maximum 
two times while RAS=VIL. In Icc4, Address can be changed maximum once within one fast page cycle. 


CAPACITANCE 1a-25'c, voo=3.3V, f=1MHz) 


Input Capacitance (Ao~A11) 
Input Capacitance (RAS, CAS, W, OE) 
Input Capacitance (DQ1~DQs) 













AC CHARACTERISTICS (°C <TA<70°C, Vop=3.3V +0.3V, See notes 1,2) 
Test Condition : Vir/Vii=2.0V/0.8V, Voh/Vol=2.0V/0.8V, Output Loading CL=100pF 





























































































Parameter 
Random read or write cycle time 
Read-modify-write cycle time ns 
Access time from RAS 60 | 70 80} ns | 3,4,11 
Access time from CAS 15 20 | 20| ns | 3,45 
Access time from column address 30 i 35 40] ns 3,11 
CAS to output in Low-Z 5 5 ns 3 
Output buffer turn-off delay 15 0 20 0 20] ns 7 
Transition time (rise and fall) 50 3 50 3 50] ns 2 
RAS precharge time tRP 50 | 60 ns 
RAS pulse width tRAS 10,000 |} 70); 10,000; 80) 10,000; ns 
RAS hold time | tRSH 20 | 20 | ns | 
CAS hold time | tCSH 70 | 80 ns 
CAS pulse width 10,000 | 20 | 10,000 | 20; 10,000/ ns | 
RAS to CAS delay time 45 20 L 50} 20 60| ns 4 
RAS to column address delay time 30 | 15 | 35 15 40| ns 11 
CAS to RAS precharge time 5 5 ns 
Row address set-up time 
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AC CHARACTERISTICS (Continued) 


Parameter 


= 
oO 


2 
= 


Row address hold time 





& 


Column address set-up time 
Column address hold time 





Bl 
FP 


@ |— 
o;n 


Column address hold time referenced to RAS 
Column address to RAS lead time 
Read command set-up time 


=] 
n 


wo ,o | 
nyo lo 


as 

QD 
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z= 
a joa | = _ 
aja |o oO oO 


nm | — 

1m |e 

@ |}oO |M 
= NOs | oO] 
oa me /O;nIT alo 





Read command hold time referenced to CAS 
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Read command hold time referenced to RAS 








= 
ai 
3 
77) 


Write command hold time 





Write command hold time referenced to RAS 








Write command pulse width 








Write command to RAS lead time 


Write command to CAS lead time 


a 





a fo lee le 
~~ po > a ie 





Nis |@D 
o;}n |o 
o> 







































































| zo] | os | 
Data set-up time | ol | of | ns | 10 | 
Data hold time | 10 | | 15] | sons | 10 
gare 
Refresh period (Normal) | trer | | ms 
[Refresh period (Low power &SelfRet) | tree || 128 128| ms 
[Refresh period (Super Low power) | tree || 256 256| _ms 
Write command set-up time | twos | 0 | ha 0 ns 
CAS to W delay time 50 50 ns 
RAS to W delay time tRWD 85 100 110 ns 8 
Column address to W delay time tawo 2 65 70 ns Za 
CAS set-up time (CAS-before-RAS refresh) tcsR 10 10 ns 
CAS hold time (CAS-before-RAS refresh) tCHR 10 15 ns 
RAS to CAS precharge time tAPC 5 5 5 ns 
CAS precharge time (C-B-R counter test cycle) tcPT 20 30 30 ns 
Access time from CAS precharge | tom | | 35] 40 45} ns 3 
Fast Page mode cycle time | tec | aol =| 45] sf sof ns 
Fast Page mode read-modify-write cycle time 105 ns 
CAS precharge time (Fast Page mode) l tcp | to] | 10] 10 ns 
RAS pulse width (Fast Page mode) | tease | 60 | 200,000 | 70 | 200,000| 80, 200,000; ns | 

45 














OE access time | toca | | 15 i" 20 20| ns 
OE to data delay ee at ns 
amma ee 9 ie a a 
OE commend hold time 
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AC CHARACTERISTICS (Continued) 














ee ES a a ek eee 
Se 





Parameter 






Write command set-up time (Test mode in) 








Write command hold time (Test mode in) 
W to RAS precharge time (C-B-R refresh) 
W to RAS hold time (C-B-R refresh) 
RAS pulse width (C-B-R self refresh) 
RAS precharge time (C-B-R self refresh) 
CAS hoid time (C-B-R self refresh) 


































TEST MODE CYCLE (Note.12) 


ee 


Random read or write cycle time ftec [115] | 135] | 55] | ons | 
Read-mocify-write cyoe time [wwe | too] | tof | aol ts | 
Access time ftom RAS pimwc | | 65] ||| ass | att 


| Access time from CAS 





Access time from column address 





























RAS pulse width 10,000 | g5| 10,000 ns | 
CAS pulse width | 10,000| 25| 10,000) 25 | 10,000| ns | 
RAS hold time | 25] | ns | 
CAS hold time | as] | ons | 
Column address to RAS lead time 

CAS to W delay time 

RAS to W delay time 





Column address to W delay time 








Fast Page mode cycle time 














Fast Page mode read-modify-write cycle time 
RAS pulse width (Fast Page Mode) 


Access time from CAS precharge 








200,000} 85 | 200,000 











OE access time 
OE to data delay 
OE command hold time 

















: 
a 
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eS 


. Aninitial pause of 200s is required after power-up 
followed by any 8 CBR or ROR cycles before 
proper device operation is achieved. 

. ViH(min) and ViL(max) are reference levels for 
measuring timing of input signals. Transition times 
are measured between VikH(min) and ViL(max) are 
assumed to be 5ns for all inputs. 

. Measured with a load equivalent to 100pF and 
Voh=2.0V(louT=2mA), Vol=0.8V(louT=2mA) 

. Operation within the tacp(max) limit insures that 
tRAc(max) can be met. tRcp(max) is specified as a 
reference point only. If tacp is greater than the 
specified tRcp(max) limit, then access time is 
controlled exclusively by tcac. 

. Assumes that tacb > tRcp (max). 

. tar, twcr, tDHR are referenced to tRAD(max). 

. This parameter defines the time at which the 
output achieves the open circuit condition and is 
not referenced to VoH or VoL. 

. twcs, tRwp, tcwo and tawpd are non restrictive 
operating parameters. They are included in the 
data sheet as electric characteristics only. If twcs > 
twcs(min) the cycle is an early write cycle and the 
data output will remain high impedance for the 
duration of the cycle. If tcwo>tcwp(min), tawp > 
trwD(min) and tawp >tawon(min), then the cycle is a 
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10. 


11. 


12. 
13. 


14. 


15. 


CMOS DRAM 





read-write cycle and the data output will contain 
the data read from the selected address. If neither 
of the above conditions are satisfied, the condition 
of the data out is indeterminate. 


. Either tRCH or tRRH must be satisfied for a read 


cycle. 

These parameters are referenced to the CAS 
leading edge in early write cycles and to the W 
leading edge in read-write cycles. 

Operation within the trap(max) limit insures that 
tRac(max) can be met. tRaD(max) is specified as a 
reference point only. If trap is greater than the 
specified trap(max) limit, then access time is 
controlled by taa. 

These specifications are applied in the test mode. 
In test mode read cycie, the value of trac, taa, tcac 
is delayed by 2ns to 5ns for the specified value. 
These parameters should be specified in test mode 
cycles by adding the above value to the specified 
value in this data sheet. 

torr(max) and toez(max) define the time at which 
the output achieves the open circuit condition and 
are not referenced to output voltage level. 

2048 cycle of burst refresh must be executed 
within 32ms before and after self refresh, in order 
to meet refresh specification. 
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READ CYCLE 
= tre 
A Wis a tras — trp 
ViL— TAR 
tore_| |__ trop teks trsH = — 
__ Vin \ \ tcas f/f 
Gat Vit— tase t—-tRAD —+— tRAL— =| 
RAH tasch7] Tarn 
Vine KOK RBBRess XN SS5UMNS WOR io SO) 
- tRCH 
w ee RRA OCA ieenManens 
-+—-tAaa 
ae YXKXXY Ve VV 
SRC IN LONONINOIN 
DQ,-DQ, ce OPEN 
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CMOS DRAM 





TIMING DIAGRAMS (continued) 
WRITE CYCLE (EARLY WRITE) 




































































































































































































































a Viq— 
RAS 

Vit— 
ae Viq— 

Vit— 

Vip— FREER? RAV Y V VV UK AAA) 
; vi XOXO XK RNY 
—— Vip— FWYVIYVYVYUV YY STATO AVATAT.W.V.Vav.V.VAVAV AT AV AY AV AV AWAY AAV AU AV AVAWAVAVAVAV.W 
: va DOOXXOK DXA RAN 

tRWL = 
Ean VIR FIV OTST Te ed Uy I TT ITT UY Vv, 
oF Vm ROOK RK KKK KR RR 
— toxra+ 
tos ae toH 
00,00, yy ( vauio DArAIN OPEN 
WRITE CYCLE (OE CONTROLLED WRITE) 
—— tre 
js tRAS tRP 
ies Vip— tar 
RAS Vice 
= tcsH | 
sail troD tRSH 
— Vip— 
oe Vit— tRao— \ \ os {/ / 
tasr | | taaH tRAL 
_ tCAH 

Vip— /IVV/V/ CAS AAAA/YYVVV VV VV YAY VY VA 
A Vn BR OAIK BSthess KZ PX SEEMS KA RY) 
+ VaVaVaG aVaVaval avatAaT aval av lalate 0 s0 a AVAy, 
: XK KXXYX XXX ORKRXXXXXXNK 

Viq— A/V IV A/V IV VV ANU V VV AASV V VYVVVVVIVYVVVVYVY 
o Vi REE RKY)_ tose RRR KK YX 

ViH— VSIV/V AI VV VV VV VY VVVYVV VV VV VV V/V Y 
001-008 yy UK. van oarain ASA KAXN YY RKKXXKX 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS continued) 
READ-MODIFY-WRITE CYCLE 






























































be trwc ——~ - 
~~ tras tre 
SS ViH— t 
RAS VK ae 
t ~ - tesH 
CRP 
— trRep tRSH 
——- Vin— 
CAS iM \ \ tcas {/ / 
Vit— f 
Vit- WY Y, vy, XY 
A 4”, COLUMN AVX) 
va KML _RooRess PRR IRM IRR 
~ tawo- a] 
> tran] -——_————— tcwp — /-— tow. 
i trwo p~—— tRWwL 
Ww Vin— XXXKKKKY 
\ t a 
Vi— taA ne XY’ Ys Oy) OK 
Vv PVAA/V/VVV VW YYY) fee 
OE a XXXKXXXX) 
oe vi- ¥ 0% XXXXX My Wu XXX? wl toeD 
tr tcac tos Leng 
= = tract DH 
VivioH — y YX YVYYX) 
coe ce = NORA 
Pee” Sip nee ee ¥ VU pata-our J DATALIN AY WY SVAN 





FAST PAGE MODE READ CYCLE 





























trasp — —_—| is 

Swe Viq— 
RAS 

Vit— 
aos Vip— 
CAS 

Vit— 

Vin— 
m Vv 

“ 
t 

V ie ACH 
W HH VXXXKKY ve 

Vit— VAN XX) WORN, || TR XX WAX 
— Vin— (xX) XX) "Av AY AY AAT, 4 OK ¥, 
OE es ans BRO 

tRac cuz torr 
ia aes! | toz | 
VoH— 
E = AON U ) vALIE 

peers Vou- ( bate our} Oy eat eour our) 1)  pAtwour 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 


TIMING DIAGRAMS (Continued) 
FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 












































































— fs trasP = —| = 
RAS : 7 tar 
tor ees tec TE trsH——— 
CAS \ tcas tcas [---— tcas —f/ 
tcsH el | tRAL——-—+-4} 
tasR “RAH hee [sca “ASC ae {CAH 
Wy y VYUVY OAV av AVAy, 
_ WK a0 YX RooRES KOK sents RNR Aopness MONA) 
tRaD_| 4 tow. | tw j | Wi. ——— 
= WIV Vy ‘i lL AIWv7V\ | ° LAY XY YS | tweH | VAI IV V VV YV 
w KOO NTT RAT 3 AA 
ae CEUCEELUCCCEEEON EECA AAA A? YY AASV N VVAA/VVYV V4 VY VV AVIV V VY VV VV ASV/V/V 
OE RRR ER RRR LK RIK KN KAI LLKI e 
| ce tbH tos | tox tos | tbH 
YYXXY YY YY) WIIVVIVV VV 
D0y-00% HO: YY) AY, 






















































































RAS. 
. ; po 
Oks Ny 
_tasc _ |} tasc 
mi \/ V VY AA/V VV A ADAA/A/V/Y 
A x) Ny GOO One Nn nnn 
Ww 
OE 
DQ, -DQs 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS continuea) 


RAS-ONLY REFRESH CYCLE 
Note: W, OE = Don’t care 





RAS 





tcrP trPc 


ViH— 


Vit— 


mV ANN tor eo OMIM) 


CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: W=Vin, OE, A=Don’t Care 

























_ ViH— 
RAS 

Vit— 

ViH— 
CAS 

Vit— 


| torr 
Vion — 
DQ,-DQs, Viol et 7 OPEN A 


CAS-BEFORE-RAS SELF REFRESH CYCLE (LL-version) 
NOTE: W, OE, A=Don't Care 


Vin 
Vit — 


RAS | 


AN 


VoH — 
DQ;-DQ, .° 
VoL — 
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KM48V2100A/AL/ALL/ASL CMOS DRAM 





TIMING DIAGRAMS (Continued) 
HIDDEN REFRESH CYCLE (READ) 











RAS 








CAS 



















































































— ViH— AAAI IVIVV"* | toca AAV IVVYVVVV ¥ WIV 
me MAM 
DQ,-DQs a 
HIDDEN REFRESH CYCLE (WRITE) 
oa ae tre lL trc 

ARS ah 
; ViH— OTIT VV VY VV YY YW VY VV WP VY 

- CORR KL KKK 

| twes a [aed twcH 

W Vin— coon | pie DY VV 

vi~ RORY AXON ARK AREARND 
_ Vin— YOYVYVYVVV VV VY PV VW PV PV 
Fm RRR RR RR 

Vie— LAKAXA - a WIV YVY VV CAV KAKI AAA SV 
coon RRM wom 
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CMOS DRAM 





TIMING DIAGRAMS continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE | 





tras 


E trp 






































— Vin— 
RAS 
Vi— 
la +tCHR topT tRSH 
Vin— 
CAS Gate tcas - 
se Vin— YX YY KKK X\ —— COMIN OYYYKKYY KKK YOK KVKKKKKXK 
1 AOR RX Aoness DARA NAIR Aa are 
tRRH 
READ CYCLE Me ——J tron 
= Vin— TAIIAARAIAIVVIVAIV VG WaVs"aVaNa¥, 
: ViL— Wy \ WYN ‘ KRY NYY + tROH 5 ace | AKA 
Vin— VYV/AVVJVV YY AAAAAMVYVA A/WA/VYV\VA/ toEA PAL AAM/AAL\/YV 
FE ORK BOY 
a torF 
DQr-DQe ak OPEN __4 VALID DATA-OUT | 








Vot— | 
WRITE CYCLE i 












READ-MODIFY-WRITE 





ses i Jas “mn — 


wee SAU Na AA GXNONANY 
Vip— AAA/SYVVVVVIVV VV VV V VV VY VOU VV VV VV VV VV VY VW A/V VV VV 
ae canaernena =~ Mae & Som 
Wie [el 
cat { towL | 


ViH— ere (es:| 
9.9,9,9,9,9;0.4,9,9,9.9.6.4,9.0,9,0,4.0,9,0,6 






Ww 
ViL— 
ae ViqH—- RKRARIVASAAPAAAAAAAIAAAAAA AA 
CE ORAL 
ViioH— Be 
a te VioL— 
VALID __/ 
DATA-OUT 


1H 
/ OY VALID 
GBs" Exo 


twp MIVA AA/VVVVVY 
iy) 


KX XXXAAX 





to 





toez tos 


kX DON’T CARE 
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KM48V2100A/AL/ALL/ASL. CMOS DRAM 





PACKAGE DIMENSION 
28-LEAD PLASTIC SMALL OUT-LINE J-LEAD Units: Inches (millimeters) 


0.027(0.69) 
MIN 











0.720(18.29) 
0.730(18.54) 
ee ee ee eee 









a|a Ria 819 
OQ \N Ola NI als 
o};°o NIQ O12 Lie 
SIs o|o iD | od ireg 
relies SIS Bik ws 
lg ain S8i5 ois 
O}s Oo\- ~ | % tit 
é [oRTo) oR To) olo 
oR Ko) lo 









LILILJLILCJCILILCICLILICY 
0.026(0.66}) 
0.032(0.81) 





0.140(3.56) 
0.148(3.76) 













Slo ooK0-7 


0.050(1.27) 
MAX 


[| 
0.016(0.41) | 0.050(1.27) | 
0.020(0.51) TYP 


28-LEAD PLASTIC THIN SMALL OUT LINE PACKAGE (Forward and Reverse Type) 


Units: Inches (millimeters) 





0.03 (0.80) 


0.740 (18.80) 














0.466 (11.86) 


0.423 (10.76) 
0.459 (11.66) 





0.398 (10.11) 
0.402 (10.21) 









| | 0.005 (0.13) 
0.722 (18.36) 0.037 (0.95) 0.008 (0.20) 
0.726 (18.46) _{ 0.044 (1.08) 
i hes i em SI oR a een] 


0.037 (0.95) 0.048 (1.22) | | 0.016 (0.40) | 
0.052 (1.32) 0.020 (0.50) 








0.016 (0.40) | | 
0.024 (0.60) 
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